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Upon completion analytical experiments, every research chemist, 
findings the international language figures two forms (weights 
and equivalents), and often (weights, and percent- 
equivalents), and then data with 


Technicians and working with the results hydro- 
chemical analyses performed different times different laboratorics 
inevitably face the problem converting their figures one system. 

All such calculations are simplified the use the 
tables and nomograms this book, originally published the State 
Scientific and Technical Press for and 
Conservation Mincral Resources, Moscow. 

All the tables and nomograms are based 
expressed the form widely uscd hydrogeological 
grams per liter (weight form) und per liter 
(equivalent form). For calculation percent-cquivalents, the sum 
cation and the sum anion are taken 100% 
Several new tables are presented for the first time, and the many 
tables for converting results from one form another 
make possible find the milligram-cquivalents for any practically 
possible content component water, accurate the second 
place, und the weight content substances tenths 
milligram. 


Tables for converting water-analysis results one 
Table for converting hardness, expressed German de- 


Table for converting milligram-equivalents and 
into German degrees hardness 
Tables for converting milligrams into milligram-equivalents 
Tables for converting milligram-equivalents into 
Tables for converting oxides ions 
for converting nitrogen into nitrogen-containing lons 


Table for converting with 


Relation between different forms weak acids 
different values and strengths 
Factors for converting different forms expressing aqueous 
concentrations into milligrams and 


Factors for converting the results water analysis one 
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ACHIEVEMENTS 


SERVE THE BUILDING COMMUNIST 


Sovict Union has entered upon new stage development the stage extensive building com- 
munist socicty, social economic formation has ever needed sclence much the communist docs, 


before has there been regime which opens such wide horizons for the development such 


be 


whole people, 


the sclence and the workers, only such cooperation will capable destroying all the op- 
poverty, sickness, and will achieved, force darkness can withstand the the 


representatives science and technology” (Works, Vol. 30, 376), One remarkable achievement this was 


creation the fabulous space ships and which the sons the Sovict people, 


Yu, Gagarin and Titov took the first steps the conquest This historic all our 
people and out advanced science was celebrated rewards large group and workmen, 
the conqucrors space, The Sovict people received the high esteem their work with great satisfaction, 

The extensive communism confronts with more and more new and ever more complex 
tasks, the words creation the and technical basis communism requires 
that should and demands the active participation the solution problems 
all-around development the productive forces our 

These words were the the entire work the All-Union Conference Scientific Workers, 
June 12, 1961 the Kremlin the Central the CPSU and the Council the USSR, 
this conference Sovict unanimously approved the decision the Party and measures 
for improving the coordination research the country and the activity the Academy Sciences 
the USSR,” 

documents the Conference bear witness the enormous range development sclence and 
and the ever-growing need for science They also express the the and 
the Government for the development this new The address the President the Academy 
the USSR Keldysh, and speeches participants the indicated the most effective 
paths for further development improvement coordination, and increase the role science all 
branches industry and agriculture, 

the reorganization, the Academy the USSR will able intensify work the cardinal 


sclence and greatly extend the relative significance fundamental theorctical his ad- 


dress the the Presidium the Central the CPSU, first Deputy Chairman 
the Council Ministers the USSR Kosygin fully understand and support the doing 


theoretical work problems, the practical application which matter for the relatively distant future, 


must ahead practice; must look ahead not only tomorrow but the day after,” 
Soviet chemistry confronted with enormous tasks, mention that, accordance with the 


Plan, capital investment the chemical industry will exceed billion rubles, This more than five 


times the investment during the previous seven years, During the same the volume production 
whole chemical industry will more than All will find place and will take worthy part 
the this great plan, They must develop the most promising processes for synthesis new materials, 
Structural chemistry, one the youngest and most vigorously developing branches chemical science, 
has especially large contribution make the development chemistry, because, our day, the 


the atomic structure gases, liquids, and solids are being more and more widely practice, 
The growth the industry, the polymer industry, and the production superhard and heat-resisting 
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alloys has importance, particular the chemistry the progress which 
linked with the solution problems structural chemistry, 

The editorial board this journal will assist evety way the publication this fleld, 
and will help raise even the level the work published, 

The publication the project the new Party program, which, for the first time history, presents the task 
direct practical task for the future, has aroused enormous joy and 
surge creative strength all our people and The project the states that applica- 
tton science becoming the decisive factor the mighty growth the productive forces that the de- 

velopment sclence and application lis achievements the national economy the future, matter 
spectal concern for the 
the eve the 22nd Congress the CPSU, our scientists, with the Sovict people, labor 
and make their contribution the communist They are ways in- 
the development research, revealing the for further growth scientific 


the coordination work the and technical colleges, Out 


the 22nd Congress with great creative enthusiasm, They devote new and 
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pp. 533-541, September-October, 196) 


LOMONOSOV AND THE PROBLEM THE STRUCTURE 


Parophrasing well-known words about Pushkin, can say that Russian science will never forget 


Lomonosov first love, Although are separated two from his day and has gone very 
the problems, methods investigation, and hence the potentialities the first half the 18th century, 
Lomonosov are often reprinted and quite recently 10-volume complete collection his works (with paral- 


texts) was produced, work was throughout the whole the 19th century and during the pres- 
dent special interest them arose the middle the (100th anniversary his death), the end 
that century (in connection with the 150th anniversary foundation the first chemical 
Russia), and the beginning the 20th century (the 200th anniversary his The study 
Lomonosov's work developed very widely during the Sovict eta, and especially after the Great 
developed, analysis his contribution the treasury knowledge deepened and views this contribu- 
were revised, 

The range and talents, unusual even for the epoch the Encyclopedists, which was 
vividly portrayed picturesque account, was beyond the certain historians, For example, 
one them, the chemists the middle the 18th century given History Chemistry, 
Among who fame chemists may mention Mikhail Lomonosov, who should not 
confused with the poet the same name“ 

work chemistry and other natural and technical sclences was based the atomistic system 
which had developed very extensively, some aspects, this was further development the atomistic 
Lomonosov rejected the ideas his predecessors, Lomonosov worked his system throughout his life, 
monograph atomistics, many his writings and notes contain wealth ideas which together con- 

very important advance the progress and especially physics, chemistry, and philosophy. 

Among atomistic ideas, special place thoughts associated one way another 
are scattercd among ncarly all his writings chemistry, physics, geology, and Although these con- 
cepts altered with the years and the statements associated with them are, most cases, fragmentary character, 
can from them certain ideas which gradually other and ultimately formed integral 
shall attempt reproduce this system here, 

Lomonosov rightty emphasized the guiding importance theory chemical Investigation and was 
sharp his condemnation empiricists, one his works asked the patiently for completion 
his whole system, stressed that this future work his especially necessary those “who, turning with praise 
chemical practice alone, dare not raise their heads above the coals and ashes lest they should vain 
and futile the searches for the causes and nature the primary particles which constitute matter, from which the 
colors and other properties knowledge primacy particles needed physics 


called objects which could perceived our senses “sensible bodies,” whereas those which could 
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inasmuch particles ate needed compose sensible bodies. For what purpose have many 
experiments chemistry and physics been conducted For what purpose have great men labored and 

then look and marvel thelt numbers without pondering disposition and 342). 

Lomonosov said that hypotheses must advanced understand the meaning and 
perform them correctly and order obtain important for the sole toad which the 
est men the discovery the most important truths, This sort impulse which makes them capable 
attaining knowledge which the minds the lowly who grovel the dust can never aspire to“ However, 
Lomonosov gave serious warnings avoid all conjectures which are not any way connected with 
the previous development with experimental knowledge, Yet writings about natural science the 
and 18th were full just such conjectures about natural philosophy. Lomonosov wrote: one expetl- 
ment higher than thousand opinions created only the imagination, But deem coordinate 
ments with the nceds (2, 125). Here, physics Lomonosov ant 


Lomonosov based his ideas natural science and philosophy the concept matter, 
divisible into and mutually (2, However, this primary mattet not 
homogencous; the contrary, consists diverse Lomonosov the way 
ment can lead this concept 

(in the 17th and 18th these words covered the concepts both ‘of chemical 
cannot separated from cach other any chemical operations therefore, bodies 
body consisting the same kind corpuscles” (2, Lomonosov gives the definition chemic- 
element accordance with Boyle, who regarded the limit decomposition substance into its constitu- 
ents, However, Boyle rejected the objectivity qualitative differences and the origin ptopet- 
conditions, “The one and the same parcel the universal matter may, various alternations and 
(6, 64). 

Boyle asserted that form and not composition determines the Since 
metals depend only different disposition the corpuscles, follows that transmutation metals 
Hence, wrote Boyle, not absurd doubt whether, for ought has been there necessity 
admit any elements hypostatical principles (6, 186 The cause these doubts was 
ability correlate his proposed concepts with the concrete forms atoms, because analytical data chemical 
composition were lacking that time (the first Information was obtained the end the 18th This 
also accounts for the contradictory nature Lomonosov's views often used alchemical concepts alongside 
patetic concepts, and which was supported Boyle [see pp. 45-49, 

Lomonosov frequently referred the origin, changes, and destruction animals, plants, and sub- 
stances evidence motion the particles composing them [see pp. 73, 147, with the 
level that time, Lomonosov reduced all forms motion one mechanical motion; therefore 
formulated the problem studying the motion insensible particles mechanics; his opinion, the so- 
lution this problem would make chemistry pp. and 75]. 

When move with direct contact, cohesion arises between them which “offers resistance 
the force thelr 267]. Lomonosov detail the possible causes cohesion, First, 


emphasizes that neither the size nor the inertia force the particles the sole cause this cohesion, 


that gravity cannot cause cohesion particles, Motion alone for cohesion arise; oc- 

curs only when fluid batter fills the gaps between the the substance, “It, like 
susceptible observation, like alt and the corpuscles opposing directions and was the cause 

cohesion observed them“ (2, 47; see also 383]. 

The long-known fact that not all bodies interact when brought contact explained Lomonos- 
special mechanism proposed him, the most important element.of which the particle form, 
Whereas Boyle, and other atomists the 17th and 18th centurics attempted explain the diversity 
natural terms various geometrical forms the particles which were joined hooks, 
wedges, cings, Lomonosov rejected these hypotheses the principle the maximum simplicity, Lomonosov 
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wrote: perceived during frequent during twenty years, and experiments, that 
Nature eascs the task those who search into her mysteries contenting herself with (4, 
see alto pp, Lomonosov returns many his writings, attempts prove 
various observations, and draws 
whole program for such investigations pp. 
his opinion, sphericity, particular, follows the in- 
such configuration; angular would coalesce 
into angular ſot Since part- 
However, particle may differ, and 
the former case, particles unite 
they come the latter they not. Ifthe 
icles which join with cach compatible, and those 
not join and not move (4, 329); (see Fig, 
very great this phenomenon, because, his view, body cannot act directly up- 
another without touching it“ 119). Lomonosov believed that colors, tastes, odors, 
all sensations, all sensible effects, And all that see also 
One the fundamental postulates disseration "On the Origin and Nature Saltpetet“ concerned 
with the combination phenomenon, homogencous principles and mixed bodies large amount 
one principle there certain mutual correspondence virtue which they combine with each other more 
readily than with unlike bodies and, penetrating into each other, joln each other, This combination differs from 
simple cohesion only brought into contact are bonded means the 

Thus, cohesion combining atoms forms molecules, The views Lomonosov the concept the mole- 
cules were advance over the corresponding views Boyle, and Newton, 
that atoms differ only size, shape, and matter everywhere exactly the same; here was 
true follower Epicurus, But, unlike the philosopher, considered that atoms join form minute 
concretions (concreticulac) small masses (moleculac) which subsequently become progressively larger and more 
complex, and form larger and larger The body depend only the combination and 
tion atoms the molecule and molecules the body 

Following Gassendi, Boyle considered that the properties bodies ate derived mainly from the motion, shape, 
and disposition small particles them (6, have already teſetted views the 
complex bodies consist directly simple substances (chemical elements), that, according Boyle, 
the atom was sense lost from With regard here, accordance with the require- 
ments optics (and this connection that Newton atomic and molecular structure most fully 
section 31) the main attention was devoted the complexity the structure particles (9, 715; 10), and 
Newton did not accept the concept chemical element sense, 

approach the problem the relationship between the significance atoms and molecules was 
much more correct than that his predecessors, wrote: corpuscle collection joined to- 
gether one small mass (corpusculam est elementorum unam massulam (2, 78). his definition, 
are the same kind they consist equal numbers the same elements joined the same way [2, 
can see the definition element and its molecules, Elsewhere Lomonosov wrote element 
was regarded element). puts forward the following argument prove the existence elements, “By 


All the drawings are Lomonosov 
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chemical analysis can shown that mixed bodies contain from which that 
mixed bodies also consist similar simple 

The complex ate defined Lomonosov follows: are unlike when 
are different and ate different ways numbers; upon this the diversity 

Lomonosov, like his predecessors, did not draw sharp compounds, mixtures, and 
solutions, and termed them mixed However, some gives fairly precise definition the con- 

cept chemical compound, body that which 
other that each individual corpuscles bears the same te- 
lation the parts the principles which consists 


thing added trom when the disposition lis parts changes 393), Therefore, 


held that one the most important tasks chemistry seck causes mutual whereby all the 

particles the composition bodies and from which all the differences solidity and 
and softness, and fragility (3, 355; also pp. 397 and 

stated Lomonosov his Word Favor Chemistry, “chemistry has only the 
which compose mixed and not cach particle But this mystery solved, 

truly the leader the example discussing the and diverse 

changes which chemistry presents mixing and separation various substances the Intellect must attain the meas- 

ure, motion, and position the primary particles, hidden immeasurable which compose 

Later, Lomonosov emphasized that the lover nature whhes comprehend the primary 

must those and changes“ which chemistry when "it joins 

and scattered from solutions into solid parts and forms them into different nature lover must 

the and perceptive geometry find when changes bodies and 

into solid, and separates and joins kinds matter, consult the precise and mechanics, 

and when produces different colors the confluence must Investigate them penctrating 

(3, pp. 

Thus, the Russian scientist the with his views the 
ture salts and are this respect 

gens, Newton, and others, carrying out his Investigations crystals, Steno also wrote that the 
found him are significance the Lomonosov some the advanced the above- 
named developed them, out observations, and reached number most important conclusions, 

Moreover, attempted justify those his which originated from atomistic concepts 

wrote that the form crystals, which can our senses, enables draw conclusions 
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body one, any sensible part which any other with respect particular 
qualities e., has the same density, color, cohesion physical parts, 299], 
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131), and attempted mathematically the difference between these corpuscle packing. 
Evidently was terms such packing that wanted why the shape metal particles detached from 
lump appears square thombic pp. 117, 151, the particles are that each 
tetrad the are the the square abcd, and two tetrads fit exactly into cube, then the disposition 
particics Between the square and dispositions there are almost innumerable 
dispositions, where the and move away from cach and come closer together, and vice 
(4, pp. 311-313) Fig. 2). 


thombohedron (right). 

Elsewhere, developed this idea more fully: Let the different positions the 
icles, which can safely assumed the light the foregoing (see Fig. Four spherical particles 
close position and contact may included equilateral figure, while the most extended disposition 

From the above reasoning Lomonosov concluded that simple bodies, those consisting like particles and 
not containing matter the can expand and contract without disturbance the be- 
tween the particles, the same time, extrancous matter such ale may prevent the closest, union 
and, according Lomonosov, the degree compression (in other words, the packing density) depends the am- 
ount extrancous matter between the particles the Since there must twelve contacts between 
particles the cuble position and the not surprising that when the particles change 
from the first the second they acquire strong unton hardness, having lost the the 
the stronger the six contacts and unions are follows that, spheres, the cuble pack- 
ing the loosest and the rhombic packing the closest, This drawing (Fig. 3), where 
spatial picture packing sphere shown the right (the lines join the centers the spheres), 


Fig. Schematic diagram the structure saltpeter [3, 


All ideas the structure crystals received especially vivid his investigation 
“If suppose that,,.particles saltpeter have spherical form, which the minutest 
natural bodies accumulated heaps [in comulum mostly tend, explain why saltpeter grows 
six-sided Suppose that six corpuscles ate arranged near each other that the straight lines 
centers form equilateral triangles (Fig. 4): then have figure bounded six lines, the section 
formed The particles, arranged this manner almost numbers, form crystal- 
line prisms saltpeter, often admittedly with une qual but the are always and correspond the 
postulated arrangement the diagrams (Fig, Morcover, this conjecture confirmed three 


this explanation the form the particles not assumed the same the form the saltpeter them- 

the corncrs the crystals correspond the supposed the particles, since usually 

each 120°; the basts our hypothesis easy other kinds crystals, such cuble crystals 

common salt, assuming that the salt particles ate that the lines through centers form 

squares (3, pp. 273-275). 

early the beginning the wrote crystals angles and opposite sides 

are equal. and the diagonals correspond circles the above citation the structure 

saltpeter crystals states that the angles are all the crystals because the equal arrangement the part- 

icles, Thus, Lomonosov strove use the hypothesis the internal for the 

crystal angles. 


few notes concerned with measurements angles have reached us, Lomonosov wrote: “Crystals have 


six-sided shape, wherein they are very zalipetet crystals, ate also cubic, and 


and above ail, precious stones, follow origin the geometrical laws angles and planes and are 
and transparency, Many them are generated thomdle shape, having two angles 60° and two 


20°, which measured certain uncut diamond and other stoncs, Others ate six-sided 


epipeds, whereby they much correspond grains different salts and are doubt deposited 


(1:3) points out, many beginning with Kepler (1615), drew attention the con- 

stancy crystal angles. After him Davisson and wrote this subject the first half the 
During the second half the 17th century Steno first stated the law constant angles for all crystalline 
substances, The same law, but with respect spar.only, was stated Bartolinus, and with respect 
sum the end the 17th century, Boyle and (more lucidly) demonstrated the ap- 
plicability this law crystallization salts and attempted classify the simple forms, The views Huygens 
the crystal structure drew greater attention, 

follows that measurement crystal angles was fat new thing, were attempts correlate the 
ture crystals with concepts, Despite this, Lomonosov's views this ficld ate very 
explain the regularity crystal structures, not terms supposed regularities corpuscles (which would 
qulte experimental justification that but putely the principles 
packing spheres (as already noted, Lomonosov assumed that corpuscles are spherical), one before Lomonosov 
had this idea, which can only now valucd the full [14, 8). 

Thus, the works Lomonosov contain many remarkable ideas the matier; these Ideas have been 
developed during the subsequent progress both chemistry and Some these were ahead 
the concepts that time decades and even 

The path originating from the idea that atoms different enter in- 
tegral into chemical compounds, led directly the discovery the law multiple proportions, the 
unlon philosophical atomistics with the results chemical investigations matter, was only the lack 
data the compositions least few and salts, which were obtained only during the last 
the 18th century after death), which prevented the Russian from making this discovery 
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ELECTRON-DIFFRACTION STUDY THE 
THE NTIMONY OXIDE MOLECULE 


Lomonosov Moscow State University 


article submitted September 29, 1960 


3.82. 


vapors these compounds contain dimeric molecules the attempt [I] obtain 
tlon patterns antimony sesquioxide vapor was not successful, Determination experimental data the structure 
the antimony sesquioxide molecule because such data some extent complete the investigations 
the structure similar sesquioxides elements the and therefore should 
the laws governing structure, 


The purpose the present Investigation was determination the structure the antimony 
molecule vapor form the method, The MGU apparatus was used 
for the work Commercial antimony grade was used, The compound was evaporated from 
ampule The and one and two-leaf sectors were used taking the 
from antimony sesquioxide vapor electron wavelengths several serles were measured visually 
and the rest were analyzed photometrically, Two methods were used for interpretation the patterns the vatlant 
the ald photometric 


The radial distribution curve based experimental data shown Fot the calculation, the 
tlal teglon the intensity curve, which cannot determined experimentally, was found extrapolation 
the curve for preliminary model found visual the diffraction patterns, The 

curve has three distinct peaks, 2,00, 2,90, and 3,61 the 

last has asymmetry ("shading off the right-hand side), 
tadlal distribution curve satisfactorily interpreted with the assump- 
dimeric molecule (Tg symmetry) with configuration 
analogous that found earlier for and this 
model (Fig, 2), four antimony atoms are the vertices regular 
tetrahedron, each being linked three oxygen atoms lying the 
perpendiculars drawn through the centers the tetrahedron edges, 
may represent combination three interatomic 
and This the peaks the curve gives the following valucs for 
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molecule not with this distribution curve, 


now turn the method approximations, Figure shows the 
curves the two most probable models the 
the bipyramid type (three oxygen atoms form regular triangle with 
one antimony atom each side the plane the equal distances from 


shows that and not agree with the experimental curve, while curve 
although reproduces some individual characteristics the experimental curve, 
ratios the heights the and fourth, and the fifth and sixth maxima which 
from the experimental, these grounds, models should 
the other hand, the intensity curve for the model 

(calculation these curves was based effective root-mean-square vibration amplitudes pairs atoms, found 
from the curves accordance with Thus, the data obtained the method successive approximations 
are agreement with the results analysis the curve, 


vapor 1,78 0,02 128.0 99° (3) 


The following parameters were found for the molecule with (Fig. 2,00 


interesting compare (sce table) the valucs found for the parameters the molecule with those 

the previously and molecules both the vapor phase and the crystalline state because, ac- 
cording x-ray data crystals the cubic modifications and arsenic sesquioxides con- 

that the paramcters the molecule, like those the molecule, the gas phase and the crystal- 
line state, virtually This agrcement apparently the consequence the weak influence intermolecu- 
lar forces crystals these compounds the configuration and parameters the molecules forming 
them, Further, note that molecules the valence angle the oxygen atom remains satis- 
factorily constant The same applics the valence angles the As, and atoms, which have the 
value 97-100°, follows that the geometrical configuration the type As, Sb) does 
not alter when one atom replaced another, Thus, the sesquioxides phosphorus, and antimony ex- 
hibit close manifested the formation crystal lattices the molecular type which individual 
molecules may detected, and the presence dimeric molecules the vapors; the 


and molecules, and the 
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ELECTRON-DIFFRACTION STUDY THE STRUCTURE MOLECULES 


WITH CONJUGATED DOUBLE BONDS 


712 
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molecular structure and has been studied for the 
time, the electron-diffraction method with visual estimations The principal 


rotational isomer and from the cis configuration for the other rotational 
with the 2:1 For the molecule the values ate: 


structure molecules with conjugated double bonds demonstrated, The relation- 
between the length the bond between two conjugated groups and the mutual to- 
tation angle these groups discussed, 


Study the rotational molecules with conjugated multiple bond systems great interest 
relation the theory organic structure; various physical and methods ate used for this purpose, 
Among them special place belongs direct methods, These were the methods whereby was demon- 


that molecules aromatic compounds diphenyl and nitrobenzenc) may have nonplanar struc- 


ture; was found that the cotation angles the planes conjugated rings 
and groups about single and bonds vary from 90°, ac- 
cordance with the magnitude the steric hindrance However, the 
litetatute contains very few structure data the role steric 
hindrance the simplest molecules with conjugated double bonds, our 
attempt determine the configuration the chlotoptene molecule 
were unable decide conclusively whether the structure this molecule 
methylglyoxal molecules, whereby their 
configuration could more conclusively, 


(15 mm), The electron-diffraction patterns the vapors the substances 
under investigation were obtained with the apparatus described earlier 
The diffraction patterns were interpreted the basis visual assessments 
intensity, two methods radial distribution and successive 
tions with the ald the equationss 
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rD(r) 
2 


vibrations, The following values were assumed the 


radial distribution curves were calculated. The 
are given Fig. the curve obtained with 
(Fig. 2): the theoretical curve, which transform the 

theoretical intensity curve Above the radial distribution curve there 
the segment curve calculated without extrapolation 
and without temperature factor Eq. This curve 
lationship between peaks and The curve are assigned 
the following distances the molecules cls and 


trans 


for the trans form, and 3.72 for the cis form, The first peak could not resolved calcu- 


lation the curve with attempts the main peaks and proved unsuccessful; 


vinyl group. there are two two more are added: the angle deviation 
the plane the other and the relative contents the rotational isomers, Analysis the curves shows 


the molecules both are nonplanar, but possible reduce the number parameters 


parameters, then the other parameters can found from the curves, fact, given value the angle 
for the trans form and Ci) for the cls The Hand were assumed close 
The values the independent parameters were refined selection experimental curves, and were 
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the values and the maxima and minima, 
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2,52 


Parameters the Theoretical Curves 


1,48 123 1.48 
123 1,58 127 120 
1.82 1,48 1,56 126 120 
— * sve 


— 
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0... O' * = 3, 48; C'. „) * 2. 16, 


The divergence the region maxima and may attributed errors determinations 
The curve plotted for agrees with the experimental radial distribution curve (see Fig, 1). Another 
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model The following average values were adopted the final parameters: 1.08 (assumed), 


The experimental intensity curve was plotted from the and measured the and 
inima The curve was calculated with zero from the theoretical 
for the based data for glyoxal and 


with symmetry and with the the cls position relative 


The more distant peaks are and ate comparable 
diffraction The that the methylglyoxal 
planar follows from the curves for the glyoxal 
and motecules, the 3.48 peak the curve for 
methylglyoxal, due the distance, agrees within the 
limits experimental error with the value 3.45 the corresponding 
distance the planar glyoxal molecule. This distance 
ference between the distances the and glyoxal 
molecules may attributed between the OCC 


the general configuration the molecule had been 
mined, lis were The curve calculated 
without temperature factor gave good resolution the two peaks, 
angles was selection theoretical curves, The angles 
The parameters were for two average 


and 1.50 and three values 120, 123, and 
Fig. the best with the experimental curve, The equality 


the and O'C'C angles Justified within the limits 

1.48 and 3,48 the following values are found for the OCC’ and O'C'C with 

tween the OCC angles improbable, The theoretical curve calculated for molecular model with the 
cordance with data for acetone does not agree with the The following values were 
the final parameters for the planar configuration the methylglyoxal molecules 
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DISCUSSION 


gcometrical structure the and molecules was studied for the time 


this investigation, The main (bond lengths and valence these molecules ate 


consistent with data for molecutes, such 


investigation shows that presence steric hindrance molecules with conjugated double bonds may sub- 


The planar probably at- 


forces attraction between the oxygen atom and the methyl group, which has 


10° between the planes the vinyl 


The relationship between the length the central bond between two double phenyl rings, the 
angle between the planes the double bonds remains 


planat trans configuration, which corresponds lower steric repulsion between the chlorine atom and the 
group. The possibility nonplanar structure simplest diene molecules was confirmed the case 


This due the lack pre- 


experimental data and the absence theoretically established relationship, Thus, use 


empirical relationship the form analysis the experimental data gives 0,066 for the maximum 
change when varied from 90°, with root mean square error 
most precise structural data for number molecules provides evidence such (within the 


experimental error): 
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NUMBERS CERTAIN IONS AQUEOUS SOLUTIONS, 


aqueous solutions have been determined, These values were used for values Any for 
the observed values are determined primarily the relative dime 


water molecules the closest enviconment the this known the number ine 
solution, 


several aqucous solutions are value was found with most certainty 
the case the fon from Brady and x-ray diffraction data aqueous KOH solutions had been 
concluded that such the the solution conforms the the possible 
change the structure water during formation the Coordination numbers are close 
four when the the fons with the nearest water molecules the same time, the 
coordination tons solutions are often close six, has demoustrated quite clearly for 
tratlons below chloride solutions and below 2.5 nitrate solutions the nearest 
ment the cation molecules only (4). 


very important the coordination numbers particles that these numbers ate 
with thermal, motion the particles, The more the translational mo- 
tion, the greater (in the local the and accordingly the less the co- 
symmetry which close The coordination numbers are the frequency ex- 
change water molecules: the coordination number somewhat with exchange 
frequency Obviously the influence exchange the coordination number pronounced the 
case having relatively weak interaction with water (alkali-metal cations, halide with these 
fons that the present investigation concerned, 


The effect temperature the coordination numbers fons aqueous considerable Interest, 
experimental method for investigation this relationship was described Calculations the changes 
coordination numbers with are based experimental determinations the heats solution 
salts aqueous solutions various concentrations different temperatures; the following formula used: 


when the concentration changed referred some particular temperature, such 25°; the change 
when the raised 10°; and Ang are changes the coordination numbers the cation and 
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respectively, when the tempetatute 10°; and are the the first coordination spheres 
Equation (1) can used for finding changes the coordination with temperature 
the constants and and the value for any ate known, was used for finding for alka- 


metal cations and the value found was used for this the present investiga- 


the constants and were found somewhat differently, The method based the possibitity 
determining, the thermochemical method, the changes with 


dilute aqueous solutions for the K*, NH{ cations and the CIT anlon. 


— 


0.72 
2,06 1.42 
2,82 
2.2 — 4.55 


Earlier (8) approximate equation was connecting the temperature the 
number fon solution with the coordination number and with the change produced the 


the value the potential for translational motion water molecules solution compared with the 


value pure water: 


The results x-ray diffraction water 25° give 4,6 and Equation (2) near the 

boundary between positive and negative hydration, thercfore applicable the lon (the crystal radius the 

1.33 A), the same time, according x-ray data the coordination number the fon dilute 


The values and can determined independently the thermochemical method because 


molar volumes numcrous electrolytes aqueous solutions, found that the partial molar volume dilute 
aqueous solution almost exactly equal 2V, double the molar volume water, and that varies 


> 


— 
| | 
2 
25 
= 


the same way with According Fajans and Johnson, but opposite 
and tons improbable, because ammontum chloride and water are with tegard 
not the partial volumes, but also many other properties (molar partial entropy, viscosity, infrared 
absorption spectra, electron diffraction, and Johnson that 
volumes and (at infinite dilution) are equal the molar 
volume water and that both depend equally temperature, 


the mean distances between the particles (determined the particle 
size and thermal motion, mainly vibrational), the mutual the 
particles (this significant the case particles with symmetry 
from and the average coordination the 
with motion), Undoubtedly the dependence 


this follows from the fact that the average number local 
the liquid associated with the coordination number (2,10). 


Fig. Heats solution am- 

solutions various 


number the particles, may concluded that the region 
the coordination numbers ammonium and chloride with tempera- 

are close the corresponding the number 
water molecules water. The basis for this conclusion that the respective 
fonic volumes and the molar volume depend similarly 
its validity with the fact that the distances between the nearest 
particles aqueous electrolyte solutions apparently very with 
temperature Therefore, may assume that 


appears quite reasonable for the the radius which 
close the the water molecule, and which has four protons capable 
forming hydrogen bonds with water molecules, 


solutions various temperaturess and the corresponding values and have been determined 

35°, experimentally, and cau found from these two equations, The 
were determined for view the interest which attaches the pres- 


ent Investigation the effect the coordination numbers 
the and anions, the values and for KBr and also 
mined, 


Salts recrystallized from and reagents were used 
for the calorimetric The final salt solution 
were 0,04 and 0,02 inole salt per moles water the cases KBr and 
KI, respectively, and 0,07 mole salt pet moles water the case 
The method used for determination the heats solution (L) did not 
differ from that described 


aqueous The results are Table The heats solution are expressed 

solutions various kcal per mole dissolved salt, The hydrochloric acid concentration ex- 

used, 


the case KI, the solution was after the calorimetric experiments, However, was shown 


liquid volume the coordination number the particles the most 


Since the molar volume the strongly the coordination 
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metal cattons which are probably correct than those given with the experimental valuesof 


KBr and can find and The following values were found for (the crystat 


there are two curves, for and respectively, (if that all the values 
event, the derivative changes sign the transition from 


seems that the most feature the situation 


associated with the magnitude Evidently the 
cations and halide but displaced along the ordinate significant that for 


was interest compare the the present investigation with calculations the changes co- 
ordination numbers with temperature for Suppose that have large number 
spheres the liquid, and suppose that small number radius added this 
spheres, The sphercs are solvent, and spheres are solute particles, possible calcu- 


solution, the average number spheres surrounding each sphere and hence find the relation- 


not consider that this model close the types aqueous electrolyte solutions studied here, More- 


the case model liquid consisting spheres two kinds (without the derivatives 
the coordination with respect temperature must always negative, likely, however. that 


Dilute are considered here, that the values ſot different may independ- 
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finding the extent which this determined the specific interaction between and watet mole- 
cules and the relative dimensions the particles 


primarily with the relative the particles rather than then this 
the and the experimental the present Investigation Indicate relatively 
weak (in the sense changes small distances from the particles [2, the 
question and solution, The existence common curve for cations and meats 
tlal condition for this, between the calculated values for the model and the results the pres- 
small and large 


The connection these experimental and the boundary between positive and negative hydration 
requires was shown that when the value should 0,05, The value 
known that the boundary between positive and negative hydration corresponds the radius 
then should probably disturbance the water the fons, 


well known [2, 14] that fons disturb the water; this disturbance most pronounced the 
mediate vicinity the fon and diminishes relatively rapidly with distance, This disturbance the 
existence energy contribution, which results the motion the water mole- 
cules nearest the and hence decrease coordination obvious that the corresponding 
contribution the decrease the coordination number diminishes with since the 
ture leads breakdown the water structure,so that the influence the lons becomes weaker, easy see 
that the coordination number increases with situation leads the 
the schematic diagram Fig. the and represent the contributions the decrease the 
coordination number due disturbance the water structure the fon; the observed change the 
nation number the lon with temperature, and the change which would occur without the cor- 
breakdown the structure, may that This may account for the increase 
observed value above the value which determines the boundary between positive and 


The new numerical value the constant found this investigation makes necessary modify somewhat 
the values given earlicr for the coordination numbers dilute aqueous solutions 25°, Using the values 
found for and the values for KBr, and found the present investigation, have 
the following values for the coordination numbers (the values the surface distribution densities 
water molecules the first coordination layer 25° are also will that for water 25°, 
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ANTIOXIDANT RADICALS 
THE ELECTRON PARAMAGNETIC RESONANCE 


EPR method was used for studying the phenoxy radicals formed the 
peroxide and percarbonate with certain phenols, shown that 
the unpaired clectron delocalized along the system bonds the benzene ring, lis highest 
density being concentrated the para position the oxygen atom. The phenoxy radicals 
phenols were studicd, shown that the life phenoxy radicals measured hours, 


known that phenols ate effective oxidation inhibitors the opinion number 
workers the mechanism inhibiting consists the kinetic oxidation chains and 
placement the peroxide radicals leading the oxidation stable phenoxy incapable con- 
tinuing the chains, the reaction 


The effectiveness phenols determined the tate this reaction, which the stability 
the bond the phenol. 


where Qyy the value the bond energy; Exy the energy break the bond the as- 
sumption that the electron configurations the and radicals are unchanged; and ate the 


— — 


Comparison the tate constants reaction (1) for phenols with the the 
bonds the same phenols [4] shows that there distinct connection between the two, The vibration fre- 
quency varies with change the the benzene ting. whereas the effectiveness phenols in- 
hibitors determined the nature the substituent, Since the frequency characterizes the 
magnitude Eq. (2), and this determined conjugation the molecule, evident that introduction 
substituent has influence the conjugation the molecule and and the same greatly 
influences the bond strength The probable cause this rclationship the high conjugation energy phen- 
oxy radicals and strong dependence the nature the substituents the benzene ting. Because the 
high conjugation cnergy, such radicals should stable, and attempts may made detect and them, 


Our investigation consisted such attempt detect stable phenoxy radicals means electron 
magnetic resonance (EPR), 


Phenols various structures were used for the The sources active radicals capable detach- 
ing hydrogen from glye phenoxy were the unstable 
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which decomposes with oxy- and petoxy radicals presence 


All the experiments were performed thin glass ampoules tolucne solution with the reacting components 


EPR spectrum the 2,6- 
radical, 


mixture was put the ampoule, which was heated and then placed the reso- 


nator the EPR spectrometer the first derivatives the absorption spectra 


RESULTS AND 


given Fig, The four main with intensity ratio probably 
the the magnetic moment the unpaired clectron with 
magnetic moments the protons the methyl group situated the 


para position the oxygen atom, between the components amounts 
Comparison this value with the splitting between the components 
for the free methyl radical (about shows that the electron strongly 
conjugated with the benzene Indecd, each component the quadtuplet 


evidently due the electron with two protons the meta 


tion the ting. 


phenol with peroxide and percarbonate, and also addition 
case the violet solution rapidly turns yellow room temperature and the 
quadruplet the phenoxy radical appears the EPR spectrum the 
DPPH 


exactly similar quadruplet obtained 2,6-di-tert- 


Figure shows that upon the basic spectrum described above there super- 
posed much weaker signal radical another and unknown type, which 
gives only triplet the center and weak peaks the sides the central com- 


The nature the spectrum was not altered when toluene solution 
mixture peroxide and was heated 100° 
for hours with oxygen passed through the solution, The the signal 
merely diminished 


The spectrum the radical given Fig, 
The triplet probably appears owing the electron with the meta 
protons the rings, and the splitting 1.8 oersteds, the pre- 
vious case, 


EPR spectra the form singlet, shown Fig, and 3b, are given 
and p-aminophenol with benzoyl peroxide and cyclo- 
presence cobalt stearate, The narrow singlet 
the radical oersteds) may attributed strong conjugation 
the unpaired electron with the bond system the naphthy! ting. 


*The experiment fast electrons was carried out jointly with Koritskil and 
nature the second radical has now been elucidated (see 


— 
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Phenol 


Similar spectra were obtained the radicals hydroquinone monobenzyl ether, gallate, and other 


phenols, 


Figure shows the spectrum the substituted this consists seven components with 


poor resolution, and its interpretation difficult yet. 


Form 
spectrum 


singlet 
singlet 


singlet 


Splitting 
line width 


Fig. EPR spectra radicals formed from: 


p-aminophenol; 
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ortho substituents) could not should noted that most such phenols ate vety weak antioxidants, 

The formation phenoxy radicals refutes the hypothesis that the tea with phenols 
proceeds molecular mechanism 


The results this investigation ate confiemed the data tecem paper (published during preparation 
our paper for the press) study phenoxy radicals formed oxidation phenols lead 
Our future investigations will with determinations the radicals and 
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COMPARATIVE STUDY THE RAMAN SPECTRA ALLYL SILANES, 


Translated from Zhurnal Khimil, Vol, 

562-568, 1961 
The Raman spectra allyl and stannane have been that the 
and the the corresponding lines Increase additively with the number 
acter the change the consists sharp increase the lines with 
vibrations the atom, while the vibration decrease, The intensities and post- 
the other lines shown that the specific interaction the atom with 


Investigations the atoms within molecules open new for our 
knowledge the nature the chemical bond, Our own this are with the changes 

catbon, through elements with and geemanium), typical metal, tin, 


Our comparative the chemical behavior and spectra carbon and compounds 
lat structures (1-5) showed that the capable with multiple bonds the 
it, and that this effect spectroscopic and aspects analogous conjugation multiple 


represents alkyl, alkylene, aryl radicals, have weak each other, and this leads the 

further that these same are and even the and 


2 


tions the vibrational Si, Ge, and (with calculations the force constants 
and vibration the the lines fully symmetrical vibrations 
have also been investigated From these investigations may concluded that the transition from 
accompanied decrease the frequencies the skeleton (with decrease the force constants between the 
bonds) and the intensity the Raman lines corresponding vibrattons which the 
atom involved some extent, Raman spectra vinyl (in the from Sn) showed, ad- 
dition the above-mentioned effects, gradual decrease the intensity the line corresponding vibration 
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the present investigation carticd out detailed stady the Raman group 


maxima were measured means photographic photometry (with the MF-2 and 
and expressed the cyclohexane scale (the intensity the maximum the 802 
ane line was taken 250 units), The comparison standard was the spectrum the 
which the cyclohexane scale were established The were calculated for 
equal numbers molecules the scattering volume means the formula where the 
for equal number molecules the scattering volume, the pet unit volumes and 
ate the densities cyclohexane and the substances; and ate the molecular weights cyclohexane and the 
film was fitted for this purpose onto the vessel with the scattering substance, Since 
did not observe number conditions necessary for precise determination (for example, that the exciting 
should strictly parallel), our data the degree depolarization are semiquantitative character, 


Raman Spectra (Av 

the second the degree depolarization, The for conversion the equal num- 
ber molecules the scatrering volume given for cach substance: 


182 (10), (8), 318 (25), 340 (30), 377 (10), 460 (10), 619 (40), 755 (70), 878 (20), 892 (5), (3),929 (22), 
952 (5), 991 1024 (10), 1098 (15), 1139 (20), (30), 1237 (50), 1410 (25), 1440 1640 (90), 


183 (150, dp), 198 (150 dp), 263 (30; 0,87), 400 0,30), 526 (160; 0,20), 572 (300; 0,18), 600 (160; 1.0). 
(25; 0.44), 750 (15), 806 (5), 890 (25), 930 (4, dp), 990 (4, dp), 1145 (260; 0.52), 1195 (10; 0,82), 1243 
1300 (70; 0,30), (25; 0,62), 1420 (15), 1630 (250; 0,26), 2909 (320; 0,22), 2935 2973 (125; 0,89), 2994 
0,28), 3080 (25; 0,80), 


184 (200), 194 (200), 254 (10), 272 (8), 374 (40; 0.45), 401 (60; 0,37), 521 0,25), 537 (80; 0,73), 585 
(145; 0,39), 605 (80; 0.76), 690 892 (60), 935 (10, dp), 991 (10, dp), 1145 (290; 0,50), 1196 (25), 1246 
(30), 1301 (125; 0.45), 1400 (50), 1425 (25), 1629 (430; 0,20), 2007 0,17), (30), (90, dp), 2995 
(1403 0,26), 3078 (40; 0,70), 


The spectrum substance was reported from data The found differ somewhat 
from those given 
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177 (60), 292 (50), 381 (40), 402 (85; 0.45), 512 0,15), 530 (70; 596 38), (90; 
704 (60), 892 (27), 932 (30, dp), 990 (25, dp), 1145 (350, 0,50), 1197 0,60), 1259 (45), 1301 (190; 0,30), 


410. 930, 990, 1155, 1300, 3000, and 


»The first number parentheses the line maximum for 

equal number molecules the volume; the second the degree 

depolarization, 

Table these Raman behave differently when replaced other group elements, 
Some (930, 990, 1300, 1398, and 3080 not change thelr positions the from Sn, while 
intensities slowly increase, Thercfore may concluded that these lines refer those vibrations the CH, 
end group, fairly distant from which are influenced little the nature the atom, However, the frequency 
the symmetrical valence vibration the group, approximately 3000 the spectra 
ing antisymmetrical valence vibration the group (2988 
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interesting fact that the line corresponding valence the double bond 
almost position after substitution the atom, but maximum was stated 
the integral this line led essentially the same result 


shows that the half width tine remains 


when replaced Sn, and half width increases ap- 
characteristic this line. The intensity this line (calculated 
for equal number molecules the volume) was found 
only the spectra compounds which the atom 
double bond aromatic ting. The earlice assignment this line 18] was erroncous, 
consider that more correct assign deformational vibration the angle the group. This 
conclusion follows from comparison the positions the the question and the vibra- 
these vibrations replacement the central atom indicates that they ate related Vatla- 
tlons the vibration frequencics the methyl groups ate the same derivatives, 


frequencies 


type 


first number parentheses represents the line maximum the second 


point symmetry group, Such system has two valence vibrations the skeleton type and one 
doubly degenerate vibration type 


Table contains the frequencies, calculated for equal number molecules the 
volume (both the maximum and the integral values, because the lines appreciably half width), and the 


expressed the scale (the intensity the 802 was taken 500 units), 
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and This probably because vibrations types and occur with change the 

coordinates system, whereas the type vibration occurs predominant change the 


line corresponding vibration the transition, which the ame chatactet for the line cor- 
responding vibration the double bond. This last fact may some the 


general, the should expect Increase the Intensitics the lines corresponding 
vibrations involving the atom, because the metallic ptopettles the central atom as- 
with greatet mobillty lis outer The small change the Intensities the lines 
vibrations bonds and angles distant from not surprising However, the unexpected the 
intensity the line corresponding vibrations the double bond the spectra ally! compounds, and the de- 
crease the intensity the same line the vinyl compounds the from Sn, cannot 
merely increased additional hypotheses are required explain these facts, One 
such hypothesis that mentioned catllet, concerning special the electron shell the atom 
Ge, Sn) with the double bond, put forward the course our studies organosilicon compounds. the 
atom the -position the double bond, then, was stated this analogous lis 
this follows, for example, from the relative the lines corresponding double-bond 
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Without calculation the vibration forms the difficult suggest definite causes for this 
fect, but there doubt that considcrable part played the vacant d-orbitals Si, Ge, and 

contrast the opinion authors (20-22) such may even involved chemical 


ordet confirm character the cenital atom, and the consequent additive the 
while the these lines were doubled and respectively, the case for This 
lusttated Table which contains the (calculated for the scattering 


Thus, the following genetal conclusion may drawn from consideration the spectra 
and organotin compounds reported the and determined us, atom 


Wy. It; 
the molecule replaced the sequence Sn, interaction between the substituents 


Ihe ity 7 
weakens while bonds within cach group with the electron shecl the central atom 
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the commonest methods studying structure the present time the 
and forms vibrations with the ald infrared and Raman spectra, The use infrared 
copy the complex compounds very promising because the relatively experimental tech- 
nique, the weak action quanta the substance studied, and the high seasitivity vibration spectra 
any changes the complex formation, However, the vibration spectrum the structure 
molecules only and depends fairly complex manner geometrical and force 
Therefore, must used drawing from the experimental data, The position 

made more complicated the complex compounds because the avatlable data are 

meager and unsystematic, range characteristic not available, and mou cases 
record spectra below 400 fact often makes observe corresponding vi- 
brations ligand bonds, 


One possible way overcoming the difficultics with the absorption bands 
mathematical the frequencies, and even band the basis the general 
theory vibration spectra molecules, course, such work Involves the application com- 
puter techniques, However, this probably the only way solving many problems, the saine time prema- 
ture, absence comparative attempt utilize numerical values the force constants for bond 
character, 


this communication give two the application the methods 
ing the character and bonding these compounds, which are interest, 
relation the problem the catalytic action platinum. 


Experimental values the frequencies absorption bands for these compounds are given [1-8]. 
the present communication deal only with interpretation the spectra based only theoretical the 
vibrations, and with conclusions drawn from this interpretation with regard the the complexes, All the 
calculations were performed with the computer, prograinmed Bogomolov, 


Theoretical analysis the vibrations model the trans isomer (for fuller detalls, see was 
out order explain the observed spectra compounds, result, the following 
were assigned vibrations the OCPt group: 2062 valence vibration), 532 (out-of-plane deforma- 
vibration the angle), and 477 (in-plane deformational vibration the OCPt angle) for the trans 
and corresponding 2060, 534, and 483 for the 


Analysis showed that the valence vibration the group the complex highly characteristic frequency 
form, and that the decrease the frequency comparison with the free molecule due slight weaken- 
the force constant for the result complex formation, This fact, and also the existence two close 
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attached platinum and that the electron cloud carbon monoxide only 
the free d-electrons 


Let now consider the compound ethylene with platinum, Conclustons the character 


ene addition and the behavior the double bond duting complex formation can drawn from 
able x-ray data and spectra (1-7, According these data, the ethylene molecule the 
and with respect the plane; this leads the conclusion that the bend with 
effected through carbon atoms which are instance, The length the bond the complex 
1.48 This suggests that the bond becomes the single type the result complex formation, now 
pass analysis the this compound, known that ethylene stable complex with 
bonded group must lead substantial changes the spectrum comparison with pure ethylene, 
both because possible changes the ethylene molecule and because kinematic and dynamic 
vibrations the ethylene molecule with bonds, 


which may both the frequency and the intensity this vibration, the most logical procedure 
compare the spectrum the complex with the spectra such compounds sulfide, ete, 
This was done independently and simultancously and the forcign workers Powell and Sheppard However, 
the latter, us, concluded that the double bond remains unchanged when ethylene enters the 
complex. This shows that the basis data alone assign frequencies conclusively 
and, hence, draw conclusions concerning the the bond the complex. The sole basis 
interpretation the observed spectrum can complete analysis the vibration 
and forms the complex. therefore cattled out this type investigation, 


The model chosen was the group, because atoms have appreciable influence the vibrations 
the part the complex with which are concerned, was assumed that the groups ate unchanged 
complex formation, This justified the retention the valence frequencies and the internal deformation- 
frequencies the HCH angle, was assumed that all the atoms ethylene the complex lie the 
same plane. reality the CH, groups the complex apparently deviate somewhat from the plane the 
bond. However, the extent this deviation small and was therefore simplify the calcu- 
The geometrical parameters the were taken from Right from the start did not at- 
calculate the spectrum exactly, this obviously impossible, first, because the imprecision the 
model and, second, because the inevitable arbitrariness the the the potential 
energy constants, Therefore, all that could done was the general the spectral 
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the vibrations the complex, the extent which different coordinates ate the 
tlons, and the dependence the elements the matrix, the basis such 
possible assign the observed with adequate justification and draw 
ing the nature the bond the complex. 


For analysis the vibration and forms, secular were and solved for all 
symmetry types active absorption, More than variants force-constant 
Asa result, the were assigned the table, 


— 


the were assigned accordance with the greatest the corresponding force con- 
stants (both and the most and with the calculated form vibrations, 


knowledge the form made possible draw certain conclusions concerning the intensities 


absorption bands, and this was also used for the proposed may noted that, 


vibrations form and all the coordinates are some 


1 
Ne 


large changes the HCH and HCC these are the same magnitude the change 
angles, This fact reduces considerable extent the the force constant, 
Stretching the bond the vibration 1505 frequency, where contribution 20% 
the change Inthe angle. this frequency depends the force constant the 
the magnitude the clastic constant the bond close that for free the 
should appear the region above 1700 which complete contradiction the data, 


The other deformational vibrations ate less Interest and not consider must 
out that the band should entirely the force this accounts for 
the corresponding frequency free ethylene, Vibrations the type should the 
with cotation the groups about the bond and these groups from the ethylene plane, elastic 
forces preventing changes the angles arise during complex formation, comparison the 
spectra ethylene and the complex that changes fact occur the corresponding non 
planat and rotational free 


ing force constant was found 2.9 The the force constants for the 
and ethylene complexes, and the fact that the distance and the corresponding force constant are 
play important part the formation bonds, However, the these 
trons the and complexes must somewhat because the lattet case the electrons are 
the three This may account for the difference between the the two compounds, 
may, the physical the bond the complex are close those single bond. Similar 
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THE STRUCTURE THE TYPE 


Translated from Zhurnal Vol, No. 
pp. 573-577, September-October, 1961 
Original submitted April 12, 1960 


— 


The structural type Includes the compounds and and also the structure 
which was recently determined view the discovery new compound with structure the 
type and the lack complete description the latter the consider appropriate ex- 


The structural type was discovered Morral and Westgren the structute the atoms oc- 


More descriptions the structure have not been given, 


and Harder (2), who found that has structure the type, report that the coordination 
polyhedron the atom (in the position) similar the polyhedron characteristic hexagonal close packing 
The distances are given full The characteristics atoms ate not 
given; only the distances between the atoms the vertices the polyhedron around are Indicated, 


contains data from and addition, the table distances the neighb- 


mention made any the publications cited the relation the structural type types, 


order describe the structural type and determine relation other structural types, must 
first know the nature the coordination all the atoms, The coordination polyhedron the atom represented 
Fig, and Fig, 2c, The vertices the contain and they lie along threefold axis 
The hexagon divides this into two halves, one (upper Fig, 1b) the faces are 
similarly (Fig, 1a), with the difference that quadrilaterals close 
squares but slightly broken along the diagonals correspond the square faces the latter, The second half 
differs from the first that has more strongly broken thombuses instead the almost plane squares; resembles 
the half the the 8-Mn and structural types (Fig, 1d, The polyhedron 
whole intermediate between eube and icosahedron: the cube-octa- 

(Fig, the sides the bases are exactly under each others the and 
tures (Fig, le, they are turned through 60°, the icosahedron the structure (Fig, 1d) through and 
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The twisted being polyhedron without center syminctry and without axes, 
has two enantiomorphic modifications: the (Fig, and the from Fig. that 
both enter the structure the type. 


. 


(projections onty plane perpendicular the threefold 
icosahedron the structure (left form); 
structure, 


analogy with the and structural types, which some the atoms have number 
(CN) (icosahedral coordination) and the others have was expected that atonis 
have not less than 12. This quite probable, because (in the compounds 
and the atomic and are greater than those and Fh, respectively, determined the co- 
ordination numbers and the types coordination polyhedrons and atoms calculation the 
atomic distances (sce table) and with the ald models, was found that the atom has and coordina- 
polyhedron with trlangular faces, which form four slightly broken 


presence these polyhedtons the steucture indicates that the atomic ate 
not equal; they diminish the sequence si, accordance with the notation adopted for 
and atoms denote the components compounds the type the letters (Cu, Li, Na) and 
Ge, Pb). 


order describe the structural type must know not only the configurations the coordination 
polyhedrons but also the mannet which they are joined, Since the atoms are surrounded atoms only, the 
twisted icosahedrons not interpenetrate; hence, the structure can described packing 
these polyhedrons, this respect the structure similar the the type, which contains 
which not and differs from the type which the 
hedrons contain atoms one kind both the center and the vertices, 
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the type structure, the are joined that each has faces common with 
icosahedrons (distance between centers and six edges common with six more remote 
hedrons (six pet unit cell) the latter are joined edges form chains parallel the and axes, 


— 


4 


the type (projections the unit cell onto the plane); 

the atoms coordinates thousandths are joining twisted 

along axis (left polyhedron center, right 

polyhedrons ends), 

the structure the type the the (twisted) icosahedrons much more complex, 

The unit cell contains twisted the type the positions (000, 
posite form (A), with common faces triangles) with the central icosahedron and lying with along the 
same threefold axis (the distance between the atoms, 0,434a), three the same form (B), having faces 
common with the central icosahedron (di 0,425a), and six the opposite form with common edges 
The arrangement the shown (the central icosahedron under the upper 
hedron the lower icosahedron the upper), The centers the icosahedrons ate the vertices 
coordination polyhedron characteristic atoms (the trigonal prism with two additional verticesA 


against the bascs and three vertices against the side faces); the structure the type this polyhedron 
deformed such manner that all the are sutrounded The joining the along 
the threcfold axcs the same the structure, and differs from that the structure, 


packing twisted 


which there ate octahedral between icosa- 


icosa- 


hedrons (projection onto plane 


tact with the one) distances, Between each 
convex situated along the fourfold axes, Each 
consists very deformed twisted cube with center 


ances between the centers and vertices the ate too small 


sence large and with the (character 


Distances and Coordination Numbers the Type 


an““ 1 * 0.27 Ja 


tle 


and 


polyhedron the “hexagonal view the coordination char- 


acteristics the type, should assigned the class structural types with closest packing atoms 
unequal size and with high coordination numbers (CN 12). This structural type occupies the position 
the serics types with high has the highest content large atoms corresponding the formula 
and the lowest these atoms (13 and 12); now the extreme position has been assigned the 
type, compounds the type. The average value calculated from the values for the compounds 
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fur 1933-1935, No. 366 (1937), 


Belov, Structure Ionic Crystals and Russian) SSSR, 1947) 225, 


periodicals the above bibliography are letter-by-letter tranaliter- 

the abbreviations given the original Russian Some all peri- 
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DIFFRACTION DETERMINATION THE HOMOGENEITY BOUNDARIES 


September-October, 
article submitted April 13, 


the constants the hexagonal the phase with the 

(after quenching 450, 470, and 600°), showed that the region phase 

range atomic The lattice constants, density, and 

the zulfut content the solution, which Indicates the formation subteactive 
ide defect with vacancies the This result was confirmed measure- 
ments reflection the method. 


found that the constants, and, the volume the cell decrease with content 
solid solutions, They assumed that excess sulfur above the composition obtained 
owing the existence the positions the atoms the Fes and co-workers 
found that the high-temperature phase, like has wide region, the tauge 
atomic They assumed that some the atoms are removed the sulfur content 
and vacant positions the nickel positions the lattice, 


Lundkvist the basis x-ray diffraction data for the that the volume 
decreases with increasing sulfur content but, his opinion, this volume decrease considerably less for 
than for calculated lattice constants for compositions quenched the 400-680° range; for nickel- 
compositions the values were: 3,428, kX, c/a 1,553, and for compositions tich 


our investigation concerned with x-ray phase study the system for compositions an- 
nealed for hours 450° and quenched water 0°, the homogeneliy region the phase was found 
the range accordance with precision determinations the lattice constants, The 
lattice constants for compositions nickel, 3,432 0,001; 5,340 0,002 kX; c/a 1,556; 
These results are good with data (3), 


view the fact that the type solid solution the region the phase has not been 
determined experimentally, undertook this task and investigated the presumed analogy between the structures 
FeS and solid solutions, similar investigation was carried out simultancously with ours Laffitte and 
Benard who investigated the boundaries the homogencity region hexagonal nickel monosulfide the 
range x-ray diffraction methods; they found that this range the limit the teglon 
also found that the region narrows rapidly temperatures above 780° and below 470°, 
meuts and lattice constants for compositions within the homogene liy region for 2,6 
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months 600°, these also the existence the positions atoms the 
lattice and concluded that defect structure the nickel solid solutions sub- 
traction 


‘ 


distinction from Laffitte and Benard, our the nature the solution used the 
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Sulfide atomic were used the quenched state for 
The alloys were prepared thoroughly mixed clectrolytic nickel powder purity with 
crystalline purity quartz tubes sealed under vacuum The powdered alloys were 
annealed for hours 450°, and for 120 hours 470 and 600°, and quenched water All the alloys were 
analyzed chemically for sulfur and nickel Popova, The compositions the specimens are given 


Table 


Method Investigation 

The x-ray the specimens were obtained the powder with copper and radiation 
cylindrical cameras the was put Annealing for 120 hours 
was quite remove the effects from powders made grinding the specimens 


agate mortar, and give x-ray patterns with sharp and The x-ray patterns these powders were 


for prectsion determinations lattice constants and for phase analysis, 


The powder for the x-ray was sifted through fine and rolled onto glass thread about 0,1 
diameter with the ald collodion, The patterns were meazuted with between the centers the lines with 
for precision determinations the lattice constants, 


calculations the glide angles, was applicd for absorption. were assessed 
visually scale, Phase analysts the specimens was performed comparison the x-tay patterns 
with each other and with standard patterns corresponding pure phases, The principal standards were the pat- 


the following: the high-temperature Nis -phase with structure the type; the low-temperature 


our data); with and Nis with cubic structure the pyrite type 


The constants the lattice for our specimens were determined from lines with angles 60°, 


eter (with toluene the The the density determinations was less than the total value. 
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confirm the type solid solid solution the data and density, and de- 
termine the nature the measured the reflection the lonization method composition 
quenched 470°, This was done with coppet the 
tion intensity curves, The relative the from 
the 100, 002, 101, 102, 110, and 200 planes were (from 
curve; two curves taken succession were The 102 reflection 
was taken 100, The specimen was packed 


Lorentz and the polarization factor: steucture factor, In- 
cluding the atomic factor, the pattern was obtained 
from specimen which was rotated through angle that the 
counter, the absorption factor was ignored the 

temperature was also 


the phase with composition and 
quenching 


‘The number the cell, found experimentally 
470 and 600°, was compared with the 
from the formula 

imens quenched 470°, cell, two. 


Results the Investigation 

Table contains the results chemical and phase analyses nickel quenched 450, 470, 
and 600°, Table gives the lattice constants the the volumes the unit cells calculated from these 
constants, the (found the pycnometric method), and the numbers atoms the cell (experimental and 
calculated) for quenched 450, 470, and 600°, 


The curves Fig, show variations the cell constants with composition and 600°, 


follows from Fig. and Table that the cell constants and the Nis phase the 


region with increase the content the solid solution, whereas the the constants 
remain unchanged, 


all temperatures, which virtually the composition, The boundaries the homogeneity 
the sulfur-rich side change little 450, 470, and 600°, and correspond the points the 
cell constant-composition lines (in the two-phase -NIS NIS, region the corresponding temperature) with the 
curve showing the cell constants the These data are presented Table 


Table shows that the solubility sulfur found from the change than that found from 
the change and also the solubility found from increases slightly with temperature, whereas that found from 
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450-600° range, and the boundary 51. 0,06 atomic should out, however, that was de- 
termined with higher precision than and the valucs for are less scattered, the solubility 
sulfur Nis should the data found from changes than The maximum solubility 600° 


450, 470, and 600 


No, 


Quench- 


The curve Fig. based the data Table represents the density variations specimens quenched 
the density specimens quenched 600° varies exactly the same manner, the sulfur concentra- 
the solid solution diminishes the lattice constants, cell volume, and The number 
atoms the unit cell with increase sulfur concentration; the with 50,72 atomic 
quenched 470°, 3,86; for the composition with 50,28 atomic quenched 600°, 
tess than for the exact stoichiometric when 3.95). 


— 


curve reflection intensities for the composition 


837 


. 


The only possible explanation these facts that the range the Nis defect 
This conclusion was determination the reflection the method for 
specimen with 36.0% sulfur weight (50,72 quenched The curve shown Fig. 

Table and Fig. contain the results determinations 
the relative the from the 

the following the reflection 


100 


The defects are present the positions 
atoms and ate statistically (curve 
for any the planes with the exception 
whether the defect position nickel atom 
for the defect the position nickel atom 
values considerably from the experimental intensity 
and from the calculated for statistical 


sition with 50,72 atomic curve; 
and curves calculated with vatlous as- 
suniptions (explanation text), 


atomic the Sulfur-Rich Side cell, agrcement with the theoretical value 


The defects ate the positions the nickel 


The are compared with the 
calculated values for all these variants Table The intensity curves Fig, are plotted from these data, 
follows from Table and Fig, that the best agreement with the experimental (curve given the 
calculated the assumption that the defects the lattice ate statistically with the 
experimental value 3.86 for the number atoms the unit cell (curve II). These calculated intensitics there- 
fore confitm our conclusion that nickel sulfide specimens the ate defect solid solu- 


TABLE Comparison Experimental and Calculated 
for Various Arrangements Defects the Lattice (composi- 
tion with 50,72 atomic quenched 470°; 


5,9 
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For elucidation the type bonding between sulfur and atoms the lattice, 
lated the distances for two compositions, with 50,19 and 50,72 and compared them with the 
sums the covalent and radil nickel and sulfur for coordination 


nickel were taken from the Pauling and Huggins (9,10); for bivalent nickel, and for tri- 
valent nickel the tetrahedral covalent radius, 1,04 kX, known for zulfut. Fot the octahedral 


when the coordination number changes from accordance with the Laves correction curve 


follows that the experimental values the distances are the sum 
the covalent trivalent nickel (2.42 and than the sum the covalent bivalent nickel 
(2.50 and sulfur, The sum the deviates even more from the experimental distances, From this 
may that covalent bonds predominate the According our preliminary data, the 
electrical conductance the type; this indicates that bonds are present 
covalent, 
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atoms and some the uranium atoms are situated. between the layers and bind them 


Rhombic distortion this structure sometimes observed uranates the formula 5-6 
polyuranates ate structure and thele compositon should represented 


simplest cases the and the oxygen motif (chain with the sym- 
metry and some the the uranate cell, Sometimes the symmetry the 
lowered under the cations Such relationships are hardly expected 
more complex structure, Uranium atoms have the main influence the intensitics uranates (with the 
exception uranates), Therefore, the utanlum atoms are arranged accordance with telatively 
simple law, possible with the relative arrangement the uranium atoms, 
Having this can the type the utanyl- oxygen motif, applied 


ratio 

12.8 The same 1:5 The same 

12.9 The same 1:6 (R) 

1:3,0 The same tei-hexauranate (H) 


133.6 The same 1:10 The same 


hexagonal phase; rhombic phase, 
800°, but lines this oxide were present the x-ray patterns, 


The powder method was used for studying potassium RKD-57 cameras with CuK 
(sometimes with filter) were used, The line were estimated visually with the ald the ratio 
(which was taken 5:1 for convenience construction the scale, instead the truc value The 
polyuranate specimens were prepared sintering known amounts octoxide with potassium carbon- 
ate uranate, 600° and then 800° Ina number cases, the composition the uranates was checked 


uranates, 
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the content determined the method. The deviations not the the 
analytical determination the content, 


4 my 480 48 — . 1 14 M47 
215 


All the less strong the can indexed with the hexagonal cell 
Table More values the constants and for uranates various compositions ate given Table 
This cell subcell, and therefore considerable number weak lines cannot Table 2), 


from Table that the line intensities are assoclated mainly with the 
multiplicity factor, therefore reasonable suppose that the uranium atoms, least the greater proportion 
them, arc situated the sites the subcell, that case the shortest distance (3,95-3.96 and the 
metry the the presence hexagonal utanyl- oxygen layers whole number 
uranium atoms corresponds the subcell, then the utanyl oxygen layer must defective (or layers the comp- 


and must alternate there are four oxygen atoms per cell and the composition the layer 


then some the uranium atoms ate not the layer, measurements are agreement 
with the latter vartant: 


* 55 P cale, 


k 10 e 4, 100, 6.6 6,38 6.64 
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The laycr composition and, therefore, 78K and per are present between the 
oxygen layers, Order the arrangement these atoms leads the formation superstructure, the gencral 
case the unit pet cell has the composition interesting note that when the com- 
position alters not only the but probably also the true cell this 
the fact that the the lines remain unchanged Table 


The arrangement the potassium and between the can determined only after 
the true unit cell has been found, 


number cases thomdie pscudohexagonal phases were formed with 5,0, was 
shown the splitring lines the powder example, Table shows the index- 
may caused arrangement the atoms between the oxygen layets the presence 
and ordering oxygen defects the layer, The formation conditions the phases could not 
mincd the end because the mutual transitions are extremely slow, However, was found that they are formed 


ſormed. 


interesting note the resemblance precipitated potassium uranates The 
patterns two precipitated potassium uranates ate compared Table with the pattern The 
difference between the powder diagrams the two hydrated uranates lies within the error timits the measurement 
(the precision which, course, less this case because the poorer quality the patterns given hydrated 
Both substances have the same parameters the hexagonal (which possibly 
tensities also follow generally similar course, follows that potassium uranates contain 
gen layers which some the oxygen atoms are replaced groups, When the uranate te- 
moval water probably accompanied some structural reatrangement and the layer 
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Hydrated and anhydrous have some tesemblance and many 
(pseudohexagonal) cell corresponding can all these utanates. Out data the struc- 
this connection, let consider bricfly the structure uranate and complexes 


views the arrangement the water aud experimental data this prob- 
lem have been The results are good agreement with arcangement 
which the fon surrounded water molecules, which are arranged similarly oxygen atoms 
case these complexes ate structure and between uranyl 


baste salts 


neighboring representatives and basic salts different (6), aud. second, higher 
the structure aud ions ate with views the possibte two 
three mutually perpendicular bonds, However, such bonds have been demonstrated with 
identify three mutually perpendicular bonds, but these are (the the bond 
with closest packing fons (such and oxygen), the urany! tot fixed 
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NORMAL AND DEFECT STRUCTURES THE PYROCHLORE 


Institute Mincralogy, Geochemistry, and Chemical the Rare Elements 


the average valences the cations representatives the 


valences the pyrochlore was shown that the pyrochlore structural type 


cations, 

chemical For example, was suggested that there relationship between 
group cations with the ideal (in and defectivencss the portion the struc- 
ture, Results analysis this group compounds are presented this 


acterized order the distribution the Ca(Ce) cubes, double the 
cell the original structure along the edge and remove part the that half the cubes lose two op- 
posing vertices and become octahedrons, obtain the unit cell the ideal pyrochlore structure, 
ing cight formula units, The described above results doubling the constant and 
the the structure (space group instead the resultant model each anion 
the meeting point four two cubes and two octahedrons meet each atoms the pyto- 
chlore cell which are twofold and four cubes cach the (situated position 
without parameters points 43m symmetry), Analysis showed that because the high real 
structures the the parameter the 48-fold complex x00 oxygen atoms from the 

0,25 cannot lead change the coordination numbers the cations, All that possible dis- 
tortion the cubes the model and changes the form the flattened the 


characteristic feature the pyrochlore group microlite, betafite, the com- 
plexity and inconstancy chemical composition, Thus, the general the this 
group can written the following expanded form: (Ca, Na, TR, Ta, OH, O). the cubes 
the structure being filled with cations (Ca, and the octahedrons with cations (Nb, ete.). Another 
acteristic feature this group the frequently observed metamict state, especially the case specimens con- 
taining considerable amounts rare earths and Ti, Nonmetamict specimens are usually simpler composition 

the pyrochlore which follows from the foregoing quite reasonable, because groups and 
include cations relatively similar size, for which coordination numbers and six, respectively, are natural, 

However, can shown that purely treatment the structure for explaining certain 
very significant features representatives the pyrochlore structural therefore supplemented the spatial 
characteristics which follow from the necessity local compensation valences the structure, 
formulated Pauling’s well-known second tule, Repeated verification this with known crystal 
revealed that the great majority cases the deviation the sum the positive valence forces 
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not junction two cubes and two octahedrons for all anions, was through misunderstanding (1). 
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anion the structure does not exceed 25% the valence the anton, Therefore the value given can 
confidently being close the limiting value, since many are characterized de- 


ence shall “energetically the structure, the next point for 

subsequent reasoning the fully justified assumption that the anions the structure are situated 

the 43m points symmetry the nonparametric regular system (meeting points four the seventh 

anion the pyrochlore formula represented OH, and that this kind 

are distributed statistically the points the position, Finally, start with non- 

defective structure, e., assume that the structure corresponds the 


write the formula pyrochlore and assume that all members the 
which are regarded stable the sense indicated above, can exist, 


now the following notation: 


the valence the hypothetical laps isthe deviation sum local valence forces 
the octahedrons, 


account that the number oxygen atoms the structure six times the 
and also satisfying the condition that the zum the deviations the valence forces must zero, 
now write the following equation: 2Vg/6 Substituting the expression for into this equation 


The relationships these equations are plotted Fig, ta, they consist straight 
lines the corresponding ranges From the graph for (Fig. la) have the following valence fluctua- 
age valence cations the octahedrons must less than the valence cations the cubes and only the 
point have order apply these results real structures, must take account the 
geometrical characteristics the atoms; namely, dimensions, Thus, for the great majority pairs differ- 
ent cations the larger cation has lower valence, and vice versa, Thercfore, the condition over the entire 
the point 1a) can reality satisfied only the rare cases where the group are 
simultancously large and have high valence (for example, the compound condition 


possible values are consistent with the sizes the corresponding cations low and high 
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These graphs can also used for estimating and for members the seties 
shows the same, but arranged, plots the average valence cubcs against for the 
two end members the and Fig, shows the corresponding graphs for the cation valences octahedrons 
(continuous Joining the ends the (by broken lines) obtain tegions the form trapeziums, 
lag the value for given member the and drawing straight through certain point 
(determined the value the ordinate axis patallel the bases the trapezium until cuts the sides, 
obtain graph for the given compound, similar the graphs for the two extreme projection the ends 
the resultant Intercept onto the ordinate axis can fluctuations and within the estab- 


follows from the that the pyrochlore type (ot less probable) for 
compounds the type than for compounds the This accounts for the very great 
natural compounds crystallizing the structural type and strictly the composition 
the other hand, the stability steuctures the type the very frequent 
occurrence nonmetamict the pyrochlore group, the seventh anion the which 
almost entirely These fons bring into line the energetic and geometrical conditions for 
the pyrochlore structural type. 


have assumed that the compound under ideally the formula Let 
suppose that there exists the pyrochlore type defective the portion; for example, cot- 
responding the formula the basis our main postulate, this may stable 
that four oxygen atoms the pyrochlore cell, corresponding the seventh the ſotin- 
ula, are distributed between the points ofthe position, this case, the average valence 
the seventh anion the unity and therefore have the which has already been con- 
Therefore, may concluded order retain stability, compounds not containing 
valent anions should tendency form structure defective the anionic portion, this 
defectiveness, according [1], may deficiency group cations, 


Very weighty direct evidence the frequent defectiveness the real the mincrals question 
provided the results calculated from chemical analyses; these usually formulas the 
type OH, the light the foregoing, this formula quite reasonable and should not cause 
this connection may refer recent mineralogical paper the authors which correctly ac- 
cept the that the portion the pyrochlore structure frequently defective; however, the categorical 
denial the groups entering the pyrochlore structure surprised us, assume, accord- 
ance with the reasoning the present paper, that univalent the stability the pyrochlore structural 
type, there can obstacles groups entering the structure together with Therefore, despite the 
fact that the the paper are based experimental investigations the methods infrared 
spectroscopy, the results and their interpretation require thorough verification with large number specimens, 


Let now consider artificial compounds the type, and particular and Some 
them are materials, which accounts for the great synthesis and investigation such com- 
(and also crystallize the pyrochlore structural type, Turning Fig. note that when and 


type, impossible establish the exact stability boundary and, therefore, can only say that the 
crystalline question ace the boundary their Since the these structutes 

does not exceed 25% the valence oxygen atoms, the crystal structures these compounds need not yet exhibit. 
also follows from out graphs that the compounds far beyond the stability 
boundary established for the pyrochlore structural type. therefore that the structural type 
improbable for these compounds, and does occur the should exhibit tendency form defect 
fact, most compounds the type (and not crystallize the type and 
have symmetry than cubic interesting note that one this group, has 
thombohedral symmetry, whercas the defect structure has true cubic symmetry Evidently both the 
and the favoring the formation pyrochlore structure improve sharply as.we pass 
the optimum value necessary for group cations, and therefore the conditions are well 
the compound Our quantity has the value for the defect structure question, follows 


cases there may doubts whether the proportions 2:2:7 are this 
conforins satisfactorily these proportions, Although complete chemical analysis these crystals was not 
out, evidence for this provided the very favorable value the divergence 0,06, found from 
the proportions Thus, each oxygen atoms the cell there only one. 
valence which, has been noted, very tate case double the 25% the opinion, 
gation, are concerned here not with categorical possibility the pyrochlore structural type, 

but merely with general tendencies, accordance with the tentative nature the original postulates, 


concluston, must out that number cases may very establish the pres- 
ence the pyrochlore type from diffraction data. Fot example, with scattering power 
atom: groups and the reflections very weak and may not appear the patterns; 
that case the patterns ate the basi: cell with Its edge halved, Therefore, despite the presence 
fully the pyrochlore type, possible draw the etroncous conclusion that and cations 
cell the CeO, type ate present disordered Fot example, such may occur the 
the latter may not recorded the pattern all, they may attributed the presence more 
than one phase the specimen, may the case that ate concerned with single crystalline phase 
which not the pyrochlore structural type, but another derivative the basic ex- 
ample the recently interpreted structure the minetal calcictite 
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RESOLUTION ENERGY AROMATIC CONDENSED MOLECULES 


Lomonosov Moscow State University 


shown for two variants the simplest LCAO method: resonance integrals 

magnitude accordance with the bond type (with only for neighboring 

aromatic condensed systems can represented with sufficient the form fune- 

tlon (with independent the particular molecule) the numbers bond types 

Characteristic the given series e., this cnergy additive for the bonds, 

ous task, virtually for hydrocarbons with large atoms, Morcover, purely theoretical 
not give numerical results the precision, more from the practical aspect estab- 
the which follow from different the method and, the in- 
stance, solve the problem the telation the propertics calculated the structure the molecules, For 
example, the theory the telatlon between properties and the following postulate, 
confirmed very experimental data, has long been adopted: the energy any representative given 
ments the molecules, the properties which are tegatded unchanged alt the molecules the given 
that any theory which claimed experimental must lead the same be- 
tween enetgy and structure, Here very interesting question from the theoretical aspect how this 
from the structure the calculation methods themselves, from the methods for determining the wave functions 
the molecules. 


This question was examined for condensed aromatic systems the simplest variant the 
LCAO method variant was shown that the enetgy these hydrocarbons can repre- 
sented with accuracy the form function the definite bond types character- 
istic the given molecular series; was thereby established that the above postulate the 
theory valid within the framework this the LCAO method, 


the present communication consider the this postulate more complex the 
LCAO method, which between the the resonance ate taken Into account and 
overlap are introduced, 


Introduction Overlap Integrals the Variant 
the LCAO Method 

the simplest variant the LCAO method, considered the following are assumed equal: the 
Coulomb and 2)the resonance for neighboring atoms, The remaining 


for nonadjacent atoms, are assumed zero, The are assumed equal 


calculation results, 


that are from zeto for neighboring atoms and are each other, This as- 
sumption more accurate when slatet atomic are used, than that the resonance integrals 
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are equal cach other Therefore, soon accept the last assumption teasonable take 
R = 1.39 A and Zeff = 3,18, 8 * 0. 25889). * 


The matrix elements the secular equation 
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(6) 


pressions, 


therefore more convenicnt use the following procedure: the function f(x) 
values the one method another, particular, the can found from the minimum 
the root mean square deviation the from the function over the given range Here 
should noted that since f(x) even function, all the with odd are zero, Taking 


The traces powers can represented linear functions the numbers definite configura 
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[The symbols used for bond types are given Ed. (8), all the subsequent expressions the enetgy 
function the numbers bond types, might possible, for the sake introduce the co- 


(8) 


Fot approximation can use polynomial somewhat different which there directly 


ig 


Hete the value the energy calculated take the expression from for 
obtain formula for which virtually coincides with (8). calculations with the value 
may taken from precise calculations from approximate formulas (for example, from 


(10) 


can shown that the absolute magnitude the calculation from (8) differs only slightly 
from the absolute magnitude the ettot calculation the does not exceed The same con- 
clusion can reached direct comparison the calculated values with the available exact values The 
calculation Eq. (10) with the use exact values less (not over and, the 


Introduction Different for Different Bonds 

question less interest how the the expression for the energy influenced 
the difference between the for different bonds (assuming again that are different from 
zero only for directly atoms), Such differences were for example, 

parison with the variant the method with the method. 


that and are proportional each other, was shown the calculations van Dranen 
this somewhat crude approximation (if ev, this proportionality holds the range ev), 


where the elements matrix are equal and are neighboring atoms, and all other cases, Since 
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mined one method another Section 1), 


definite types bond configurations definite bond types the given molecular series, 


dij for atoms, differ for different bonds hydrocarbons and are fairly close Thus, 

for determination agreement with the method, was assumed that where 

tween the values probably docs nor reality, 


are equal each other the unperturbed matrix for 


Then 


12 


(15) 
where the perturbing mateix with the elements are neighboring atoms, and all 
other assume that are small, that the series the perturbation theory converges for all the 
valucs, Moreover, assume that can, with sufficient degree accuracy, confine ourselves the theory 
perturbations, 


Therefore, 


the order matrix A). 


Let consider the term expanded form may written: 


used for determination obtained direct calculation for particular hydrocarbons, Both methods lead 


the that these orders are constant, within 10% for each bond type, Since the term 
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sented the sum for the different bonds, again have representation the energy the form 


Ruedenberg and Hall for hydrocarbons, The average bond orders then have the following values (the 


values calculated this method with the accurate shows that this can also as- 
sumed with the same degree approximation that ate also constant for each bond type. 


and are assumed constant for cach bond type, have 


bond given type, and the number such bonds, Since, has been shown can repre- 


function the number certain bond types, characteristic the given molecular with which 
are independent the actual type molecule the given 


Let consider the case For numerical calculations use the bond orders calculated 


symbols for bond ordeti are the same for the numbers bond types; these symbols are given 


example take the so-called F-variant the method when the matrix determined 
nonjoint atom, and joint atom. Using the bond orders given above and the formula for 
from (2), can obtain expressions which differ from each accordance with the selection 

the valucs calculated from this formula with the exact values shows that the de- 
viations, except the case benzene, not exceed for benzene the ettot 


now the case when evident that the dependence the numbers definite bond 
types bond configurations) with constant for all the molecules given holds this case also, 
The maximum order polynomial (13) needed give the required precision depends the limits within which 
method with Introduction the overlap 0,25, Since the are the range 
+2, the fourth-degree polynomial sufficient Eq, (13). use Eq, (20) for the trace matrix the 
equation for becomes: 

this case could not compare the results calculations this formula with exact values, owing the 

lack the latter the 


duced not, the approximation question the structure the expressions for the energy remains the 
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function the number bond types characteristic for the given with 
clents independent the actual type molecule, other words, the -electron enetgy condensed aromatic 
compounds the zum the encegy contributions the Individual bond types, additive function, 
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DENSITY DATA FOR ESTABLISHING THE 


BRIEF COMMUN ICATIONS 


ELECTROLYTE SOLUTIONS 


604-607, September-October, 1961 

article submitted June 1961 


The distance between aqueous solution and nearest water molecules can, number 


determined directly the x-ray diffraction method, This distance, course, depends the specific interaction 


the given with water molecules, but can assumed approximately equal the sum the crystal radius 


the and the the water molecule (1.4 The average distances between fons solutions (for 


example, distances between like lons) are important many problems the solutions, yet 


there method for direct experimental determination these distances, These distances depend mainly 


the solution, the average number water between the fons (on the solution con- 


centration), and the density average given concentration the distances are deter- 


mined primarily the distribution density the water molecules solution (of course, this docs not apply very 


high concentrations, water content the solutions low), 
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has been shown that the greater the activated jumps the the per unit time, the lower 
their distribution density The number activated jumps performed water molecules alters undet 
influence was shown earlier (3) that this change due mainly the fact that the potential 
between neighboring cquilibrium positions the water molecules becomes equal AE; near the instead 
The greater the value (the the hydration the the less the average number activated 
jumps water molecules the pet unit time, Accordingly, the distribution density water 
should and the distance should decrease with increase the distance should increase 
decrease AE; (in particular, changes from positive negative values), This should any case 
valid for the region not very low concentrations, where motion water molecules nearest the fons 
relatively high importance, Morcover, such concentrations filling the cavities the structure water 
molecules, which occurs under the influence and low naturally leads increased 
Mons the values for given concentration should greater for than for This conclusion 
fully agreement with the result obtained Skryshevskil (2) x-ray investigation aqueous electrolyte 
concluded that the distance between the nearest water molecules not coordination with less 


was interest find how these changes Influence the aqueous electrolyte solutions, used 
the data given Baxter and Wallace for the densities aqueous lithium, sodium, potassium, rubidium, and 


ever, the direct influence the radil probably: small, than the distances between 
the nearest particles solution, 
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chloride solutions and aqueous sodtum bromide and solutions The solution volume 


The values found for are plotted against Fig. 
that the for salts with different cations and 


The values give indication the average distances be- 
tween like fons Values found for 


Comparison values for different salts can used for 
determining the character the average distribution solu- 
fact, the found for different salts equal con- 
centrations proved very similar, follows that the numbers 
particles per unit volume aqueous solutions different salts 
differ little the same concentrations, the same time, 
the difference between the lonle radii, and especially the above 
mentioned probable change under the changes 
are indicated black density data, For example, the change the transition (at 

the same solution concentration) from chloride potassi- 
chlotide proves even less than the changes which should consequence the difference 
the cation radii only, This clear from Fig, where the calculated values are compared with 
calculated accordance with the mixture tule (from the molar volumes the crystals and volume water 
present solution), and not found from experimental solution The differences give indication 
changes density due changes radil only, seen Fig,3 that the differences between 
due the transition from lithium chloride potassium chloride are considerably less than the corresponding 
changes, 


seems that some sort change the character the average arrangement the particles takes place 
solutions, compensating the density change due translatory motion the water molecules closest the and 
increase the lonle view the fact that modetate and high solution concentrations filling the 
cavities the water structure water molecules (highly significant low concentrations) can hardly any 
portance, must assumed that this compensating change with change the character the aver- 
age the solution, Partial compensation may occur decrease (for example, the 
tion from solutions) change the character the average fon distribution, the 
direction close packing. This precisely the change which appears physically probable, because increase the 
average number activated jumps the particles leads decrease order, and therefore decrease the 
tole directional bonds solution, 


way assumed that solutions extends large distances, The average distribution solu- 
tion only the sense difference (with respect density) from the closest packing, 
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trolyte solutions, For example, picture obtained comparison calculated for and 
aqueous electrolyte solutions,” interesting note the translatory motion water 
direction does external pressure, 


the book: Structure and Physical Properties Matter the 
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ELECTRON PARAMAGNETIC RESONANCE SPECTRA 
FORMED IRRADIATION POLYPROPYLENE 


Institute Kinetics and Combustion, Siberian 
the Academy the USSR 
Translated from Zhurnal Vol, No. 
pp. 607-609, 1961 
Original article submitted April 1961 


have studied, under conditions, the electron paramagnetic resonance (EPR) spectra radicals 
degrees crystallinity were used, the earliest investigations was assumed that the 


giving eight lines with binomial intensity distribution the EPR Such fact obtained when 
77°K, lis form remains unchanged when the temperature talsed but highcr tempera- 
tures the spectrum changes and 25° has the form shown the figure (a), The the 
the PP, the greater the concentration radicals stabilized room temperature, When the temp- 


erature again, the the spectrum broaden reversibly, but number and positions 


unchanged, The spectrum consists lines and may regarded the superposition two spectra consisting 
nine and six hyperfine structure components, respectively, with equal splitting between the components (about 


room tempcrature the spectrum shown the figure (a) undergoes further changes during several hours 
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vacuum), The signal intensity gradually diminishes and broad (about appears the 
figure When oxygen admitted (at room tempetatute) the line the peroxide appears [sce figure, 
did not the substantial the radic- 
concentration which had been reported the 
note that when the specimen had been 
kept room tempcrature for several days oxygen-did not 
produce any additional changes the EPR spectrum, 


Our interpretation these results that least four 
different radicals are detected the EPR method irradi- 
ated PP. analogy with polyethylene possible that 
after observe the spectrum the radical, 

may formed the chain should the 
radical with the structure 


assumed that the spin the central carbon atom 
low; splitting should observed cight equival- 
ent protons spectrum), while the 
tion the protons such that they are not involved the 
This hypothesis good agreement with the model 
the chain which now accepted The 
low-intensity even spectrum can then ascribed sinall 


specimen prepared the magnetic was which, because structural distortions some kind, two 


perpendicular the direction chain orientation, protons the group the right become equivalent and 

nine protons involved the Such radicals 
should chemically equivalent, observed experimentally, Broadening the with lowering the 
probably due weak anisotropic with the proton, The appearance broad line after 
prolonged vacuum storage the specimen may attributed the appearance certain more 
tadicals (in consequence the disappearance the spectrum the radical), 


also out measurements with films, When the directed along the 
macromolecular axis, the EPR spectrum approximately coincides with the spectrum polycrystalline specimen, 
but the somewhat bettet and the relative intensity the even spectrum increases, With increase the 
angle the direction the external fleld and the direction the polymer chains, the breadth 
the components increases, maximum but the number and position the lines remains un- 
changed [see figure, This dependence the EPR spectrum the angle consistent with the structure suggest- 
the external fleld perpendicular the bond, and 6-8 when the parallel the 
the spectrum not dependent the angle, which harmony with the proposed structure this 
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tadical (there ate protons the The described may used the structure 


Lomonosov Moscow State University 

pp. 1961 
Original submitted June 16, 1961 


The purpose this was extend the avallable structural data internal complex compounds 


Earlier x-tay structural investigations were concerned with salicylaliminates 
studied the salicylalbutyliminates Zn, Co, Ni, and Cu. 


The substances were synthesized the method described and Rukhadze (9,10); these 
workers prepared the and compounds, The synthesis the compound also the 
did not find any references the the preparation 


The zinc compound after recrystallization consisted white, very fine needles which split easily along the 
axis, The compound formed dark brown, large crystals irregular shape, which were very often bent, The 
salicylalbutyliminates and were obtained the form well-defined single crystals, which were studied 
the goniometric and x-ray diffraction methods, The results the goniometric measurements wete: 


Symbol Simple form 

90˙ {100} pina cold 

90° 30,6° {101} prism 


this had been submitted for publication, became acquainted with the 
which analogous experimental results were obtained, but different for the EPR spectrum 


observed after the specimen, 


560 


7 ‘ 


. A: 
8 
2 > > 
: 
* 
> > 
4 
3 
‘ 
3 
2 
* 7 
* 3 
2 
’ 
— - 
2 
> 
. x 
— 


solutions, taken with the EM-4 diffraction The lattice constants and space 
depended the quality the photographs, The highest precision was obtained with the use direct 


the space groups: C2/m, Cm, C222, among only one does not contain 
without plane symmetry, Such molecules cannot lie the molecules were arranged de- 

too short for this, 


The constants and the unit cell, the pat- 
ate very close the constants the compound, but six Evidently the structures 
these compounds have much common; this that the molecules similar, The cell 
Within the limits the and with the electron-diffraction data; the 
value found for was 0,2 which half the value found from clectron-diffraction One the 
possible causes this the difference structure between massive and thin texturized 


ing point diffraction picture (phase 1), and onc with tendency form texture (phase 
patterns (copper radiation) showed single crystals identical with phase was shown with the ald 
clectron-diffraction pattetns and the photograph the zero line that the space group 
this phase With twofold repeat the atoms should the center symmetry, follows that the 
group the complex has planar structure and configuration, 


Phase was observed only the electron-diffraction specimens, The the reflections were 
visually for this phase the method direct photograph the The 
Patterson showed that the atoms are position with the coordinates xyz, 

metry, the molecules this case This associated with the the 
deviation the group from the plane containing the rest the 


Only point diagram was obtained electron for However, this 
case two types photographs were again obtained; these probably correspond two modifications (phases and 
28). Both these modifications show clear resemblance phase salicylalbutyliminate, assumed 
that phase the compound and phase the copper compound are and have the same 
monoclinic angle, becomes possible calculate two lattice constants the modification from the point 
electron-diffraction pattern, The good agreement these constants with the corresponding constants the 
compound shows that these phases are fact very similar Hence, follows that phase has four 

molecules the cell and space group Modification differs from first, that the constant 
halved while remains unchanged and, second, the presence extinctions among the 
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Packing density factors are given the the moleculat volumes were calculated with the ald tabular 
values intcratomic distances, valence angles, and and results structural investigations 
internal complex compounds The values ate not very high. probable that this fact accounts 
for the existence whole serics polymorphic modifications; the shape not ensure the possibility 


any particular close packing which would preferable the others, 
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X-RAY STRUCTURAL INVESTIGATION 


Institute Heteroorganic Compounds, Academy the uss 
Translated from Zhurnal Khimil, Vol, No, 

pp. 612-614, 1961 

Original article submitted June 1961 


the cation with cyclopentadienylsodium, 1960, the request Academician Nes- 


meyanov, Professor Fischer kindly supplied with sample this substance for x-ray analysis, 


sample consisted rather large dark crimson crystals prismatic form, The unit cell dimen- 
5,83, 23,74 the quantity measured), The unit cell contains four formula units 
the composition Systematic extinctions the x-ray patterns obtained with camera for photograph- 
ing the reciprocal lattice (with unfiltered molybdenum radiation) showed that the space groups the 


system ate possible, Symmetry the projections lntetatomle vectors showed conclusively 
that the crystals belong the noncentrosymmetric group, 


Interpretation the Oyz projection has now been completed, interpretation the projections the 


vectors proved possible determine the coordinates the heavy cobalt atoms, These were used for cal- 
the structure amplitude phases and the projection the electron density the same plane was constructed, 


maxima about half the carbon atoms coalesced this projection, geometrical analysis had used for 
the coordinates these atoms, The following considerations were taken into account, The electron- 


density projection (sce figure) shows clearly that the the substance consists three structural 
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and fifth carbon ting. also five-membered, which not contained the units, With the assumption 
that the length the carbon-carbon bonds, the units and the fifth ting about (as the case 
and other analogous compounds), and with the form the electron-density maxima the projec- 
tion taken into account, can find the positions all the carbon atoms, verify the correctness 
this enalysis, determined the divergence factors, taking the theoretical values the structure amplitudes 
only for the cobalt atoms and then with all the atoms (except hydrogen) taken the first case 
and the second 25% the first approximation the coordinates the carbon atoms were 
established satisfactorily, then calculated two more approximations the same electron-density projection, the 
phases being determined from the coordinates all the atoms (except hydrogen), and the approximation the 
Booth correction for termination the was Introduced, Asa result, the divergence factor decreased 16% 
the general temperature correction taken account), The final projection given the 
The atomic coordinates found from this projection are given the table, addition, the and x0z projections 


Projection the electron density the Oyz plane 


Analysis the projection leads the following conclusions, superpose the electron-density pto- 
this compound the projection ferrocene [2] with cobalticene along the short axis, very 
close length the short the structure question A), obrain almost complete correspondence 
the projection the molecule with the particles our (with superposition the 

metal atoms and subsequent relative the projections until the best correspondence electron densities 
obtained), The ferrocene projection was used because the structure cobalticene has not been but 
fully analogous the structure Moreover, the resultant projection the distances between the carb- 
atoms the “sandwich” particles and the nearest carbon atoms the fifth ring are found not less than 
1,85 whereas the length single bond does not general exceed 1,55 


The foregoing facts lead the conclusion that the consists two “sandwich” 
pacticles and fifth carbon ring, which does not have bonds the usual type with the 
tay structural analysis, may postulated that the particles have each, while the 
the anion, should noted that Professor Fischer reached similar conclusions the basis 
and spectroscopic data, 


nates all atoms, and thus refine lis geometrical structures this also considerable help for establish- 
ing the character the bonds this unusual 
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Atomic Coordinates from the Final 
Projection® 
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»The numbering the carbon atoms (see also the 
follows: atoms the first five-membered ting. 
ting the same “sandwich,” taken inversion the cobalt 
atom from the atoms the first ring: and 
the same the second atoms ofthe 
fifth carbon ting. 
for the projected halved along the axis, 


The authors offer deep gratitude Professor Fischer Munich University for kindly providing 
with sample the substance for investigation and with the necessary data properties; hope that this in- 
ternational cooperation will continued and extended, The authors also wish 


LITERATURE CITED 
Fischer, Chem. 68, 154 (1956), 


and Pfab, anorgan, Chem, 274, 316 (1953), 
Private communication, May 11, 1961, 


- 
° 
. 
— 
cog 
As 
“se, 
12 * 
-* 25 
* . 
5. 
— 
* 
2 - 5 > 4 


SOME STRUCTURE DATA CRYSTALLINE POLY VINYL CHLORIDE 


catalytic system; the diffraction pattern confirming the crystalline steucture the polymer ten 


additives, 
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Electron diffraction study chloride 
(specimen 


hyde the temperature range from with initiator, The pat- 
terns given films this polymer sharp rings with from 5,27 Rings with and 
are not tepotied while rings with 5.07 and 5,27, 2,52 and 2,60, and 2,26 and 2,31 are probably due 
rings with 2,56, and 2,28 found x-ray diffraction did not find the ring with 


were able show that addition the reaction mixture not for preparation crys- 
talline chloride, The catalytic system retains lis character polymerization chlor- 
ide the slightly oxidized aldehyde which contains, according analysis, active oxygen, 
able synthesize polyviny! high degree crystallinity this method (specimen table), 


The the twice-reprecipitated nonotlented specimen, crystallized 120° during 
the observed spacings specimen while among the remaining can determined rellably for 
new reflections: 1.89, and 


Comparative data spacings for crystalline polyvinyl chloride various methods are 
summarized the table, 


heterogencous catalytic system all ten found agree quite satisfactorily positions and 
intensities with the corresponding reflections found the present Investigation, 


noteworthy that the line with.d 3,44 detected [2), does not appear any the electron-diffrac- 
tion patterns our polyvinyl chloride specimens, whereas, according the relative intensities all the 
tion patterns, 


The literature contains data the crystal lattice chloride, 
thombic unit cell with andc All the reflections the electron-diffraction patterns ate 
indexed relatively well the basis this cell, should noted that for the ring with 3,44 [2) not 
possible find calculated interplanar spacing similar magnitude which would correspond any selection re- 


flection indices for this cell, Therefore, consider the presence line with 3,44 improbable, 


Thus, our opinion, the crystal lattice chloride characterized sharp reflections: the in- 
spacings for them are given the table 2), while the 20th line, with 1.44 was de- 


y 


1840 


＋ 
* 


Since the electron-diffraction patterns the polyviny! chloride studied ate indexed quite satisfact- 
the basis lattice described the [4], scems that the crystal structure our polymer 
cides with the structure the polymer investigated Natta, However, these structures cannot 
their interplanar spacings because, contrast our values for otlented 


should noted that the catalytic which was for viny! 

was not stereospecific for polymerization other vinyl polymers such methyl methacrylate, and 
acetate; the polymers were found amorphous, all probability the cause formation crystalline 

chloride radical polymerization vinyl chloride should sought the structure the complexes, 


Burleigh, Am. Chem, Soc, 82, 749 (1960); Khimiya tekhnol, (1961), 

Natta and Polymer Scl. 20, 251 (1956), 
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Nitrogen content, atomic 


homogencity region, 


Nitrogen 
content, 


46,1 
47,9 
47,8 
25,3 


kg/ mm? Phase 


HARDNESS TRANSITION-METAL NITRIDES 
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TaN, 


Cermets and Special Alloys, Academy Ukrainian SSR 

Original submitted October 15, 1960 


physical properties are important for indirect the 

which have proportion bond character, 

owing the high fonization potentials the nitrogen atom 

One such physical property the hardness, which has hardly 

been studied the case apart from data the 
and [A]. 


ments the microhardness nitride phases titanium, zircont- 
um, vanadium, tantalum, and chromium; the speci- 
mens were prepared direct the metal powders 
under conditions excluding simultancous oxidation, the meth- 
the case nitride 
microhardness with concentration were also deter- 
mined the which, according litetatute 
microhardness were out with load 
given the table, 


Tantalum, and Chromium 


Nitrogen content, 


42,4 
31,7 
49,1 
36,6 
50,29 
32,0 


and, this respect, analogous the microhardness the carbides titanium and 


. 

Phase 
‘ 2 


function the combined carbon content, However, the latter cascs exttapolation 
the microhardness graph carbon concentration gives tte approximate microhardness the 


with the accepror capacity 


with 


- 


carbides differs little from that 
metals, has been (10, 11), nitrides, the other 
with decrease content the nitride lattice, This 
valence the nitrogen atoms, and corresponding 
the break the and d-states titanium and the p-states 


the incomplete d-tevel, Despite the 
able scatter, due mainly the fact that differences steuc- 
ture ate not into account (niobium, and 
um, and mononitrides are cuble face-centered), eleat- 
seen that the with acceptor capacity 
atoms; this with the decrease the 
tron concentration, There also some correlation between the micro- 
values aad the factor the equation, determining 
ness was pointed out Born, and noted relation 


between nitride the one hand, and lattice 
zation energies, and the other, 


also noteworthy that the hardness the lowest considerably than the 


bonds with decrease the rclative number interstitial atoms phases composition, 
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DIA LKYL GLYOXIMATES 


% 


the review the present state the crystal complex compounds owlng condensation 


the text during preparation the made which the data Frasson 
and Panattoni the crystal structure nickel and copper However, comparison the 


The nickel dimethylglyoximate crystal planat molecules located parallel planes that the 


crystal the molecules are shifted own planes that opposite the atom one 
ances Increase A). other words, the between two types interaction, 
and metal,” leading formation molecular chains, resolved here favor the 

tween the two motifs determined changes the packing density when methyl groups are 


the structure copper dimethylglyoximate the molecules ate located over cach other with shift, 


the case nickel However, the between copper and oxygen atoms neighbor- 

and the molecule ceases planar, the molecular chain splits sharply into dimers, Accord- 


Thus, the nickel compounds question, the coordination the metal atom the two 


tlonal bonds arising the result the one case, and the result interactions 
the other, while copper compounds the coordination nuinber the fifth bond arising the result Cu- 


interaction, 
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INTERNAL COMPLEX COMPOUNDS 


2 2 
es’. 


dealing with certain structural characteristics complex compounds (ICC) copper and 
this paper the authors extend one aspect our paper “the arrangement copper atoms general positions 


number when the nickel atom intemal complex compounds with the same ligands 
position apparently not accidental but associated with the fact that the molecule can deviate greater 


extent from planar consider detail applicability all the ICC groups given us, 


are full agreement with the three conclusions reached Poral-Koshits and [1] 
consideration the data. These coincide with the findings out 1959 and 
1954 [3] publications, However, our opinion, the fourth conclusion, the data Table 
this table requires correction, The data given this table the phthalocyanides nickel and copper and 
the analog are They cannot serve the basis for deducing the configuration 
the metal atom, this configuration may enforced these cases and depends the geometry the ligand, 
Data the nickel and copper than those given Table show that these 
ICC atoms are and nickel atoms special, position, the molecule the nickel ICC 
and that the copper ICC When these corrections ate Introduced Into 


experimental data present are limited, the conclusions put forward with regard devla- 
copper and nickel ICC from planar configuration can based, best, only few examples, and cer- 
tain groups ICC only two examples; for example, there ate two nickel the group with 
molecules, two copper compounds the group, and again two copper compounds the 
group. Such conclusions must based merely probabilities, According the data Tables and 
and the amended Table have the following general statistics the present time: with 
ICC copper and nickel the absence center symmetry (the metal atom gencral position) found 
five for molecules copper ICC and two cases for molecules nickel ICC, Moreover, the ICC group 
2N, (cis), all the nickel compounds are diamagnetic and have planar structure Deviations from 
structure may expected among the copper compounds, they are not with the corresponding nickel 
compounds Therefore, data ICC the 2N,20 group reinforce these statistics, 


Therefore, even cannot asserted that complex structure characteristic for copper, dis- 
tinct from our permissible suppose that nonplanar complex structure more character- 
istic copper than for nickel, 


consider that with this approach quite possible “conclude what extent the nonisostructural 
copper and nickel ICC crystals our opinion, classification substances the 
tion the direct the metal atoms, which also used and appropriate enough and may 
help the correct the problem under consideration, 


573 


1 
i 
22 — 
2 
* “<3. 
&§ ‘ 
: > 
j 
— 
- 


LITERATURE 


~ ~ 
© 


Original article submitted June 1960 


must agree with the authors the letter that the data copper and nickel given 
Table our paper correction, Unfortunately, were not aware the results the complete 
these compounds, published only short time before our paper had been submitted for publication, 
also agree that the configuration the enviconment the metal atom cannot regarded 
Data phthalocyanides were included Table for the sake 


However, even with all this taken into account, the data ICC the group ate not less 
character than data ICC the and groups, The that all the examples know us, 
atoms are centers symmetry the group, and outside the centers symmetry the group, 
the same time, the group know examples both and 


and point out that the data available this time are 
tathet meager, also referred this our paper, classification ICC the composition the 
environment the metal atoms already makes possible draw tentative concerning the structural 
characteristics ICC belonging different groups, nonplanar coordination fact characteristic the 
group and and (cls) groups, then the statistics for the entire class four-coordin- 
ated ICC whole must determined only the relative number structural performed for com- 
pounds different groups, 
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THEORY AND PRACTICE DIRECT METHODS 
ANALYSIS 


Original article submitted December 22, 1960 


ey. 


The theorctical principles various direct methods for the signs structure 
tudes are considered: relationships the form determinants and exact 
equations connecting structure factors, and statistical methods without and with symmetry cle- 
ments taken Into account, Examples the use various methods Sovlet workers are given, 

conclusion, certain new Karle and Hauptman and others are 


Introduction 

Most investigations are out present with the ald vector proposed 
developing new variants this method, interest for other methods structure analysis has always re- 
mained must not the fact that interpretation Patterson series for structures atoms equal 
becomes problematical when the number atoms positions exceeds 5-10, and there can 
longer any question direct analysis, becomes necessary postulate structure models, compare 
the Patterson look for signs the proposed model the reject the given hypoth- 


one which not use structural models postulated the basis experimental chemical crystallography. 
order not unduly rigorous, shall apply the term “direct” methods which only information the num- 


and kind atoms the unit cell ate used, With this definition the method scrics direct meth- 


only the very simple cases; example, for molecule with one heavy atom, 


The methods shall discuss are methods for direct determination the signs phascs structure 
amplitudes based only experimental data x-ray reflection (therefore not touch upon methods 
based minimalization analysis the Patterson function, 


must remembcred that the number x-ray reflections often many times the number parameters de- 
termining the structure, Suppose, for example, that 1000 structure amplitudes are recorded for atomic coordinates; 
means that the amplitudes ate not quantities and can expressed terms each other, Another 

way saying this that with independent coordinates there are structure amplitudes, and 


the others can principle expressed terms these 20, 


‘the having amplitudes must give positive density valucs all points the 
cell. clear that this fact also the existence connections between the amplitudes, 


Connections between Structure Amplitudes 
Attention the possibility principle devising direct methods was first drawn and 

even the However, the methods they proposed were for practical use and did not attract at- 
say that the history the development direct methods structure analysis be- 
gins with the work Harker and Kasper who established the existence very wide class inequalities con 
the magnitudes the structure amplitudes some with the signs others the result 

work Karle and Hauptman and later was shown that the Harker 
Kasper ate the consequence one theorem, based the nonnegative character clectron 


proof this theorem, which mathematicians call the theorem may found the works 


& N ul R 7. * 2 


showed that the practical this equatton, which may called the funda- 
mental equation for amplitude relationships, depends sharply the absolute values the 
the determinant), then information about signs obtainable from the equation, For example, 


5 1 * * * * 4 


Thus, analysis for determinant the third when the fourth when the fifth 


The possibilities using low-order determinants can represented means diagrams Asan ex- 
ample, the diagram Fig, shows variations the signs the and amplitudes with absolute 
these are regions where both and The signs structure can with 
the ald diagrams similar Fig, must remembered, however, that the greater the number atoms the 
cell the more complex the structure), the are the values the structure amplitudes and 
the less effective are these diagrams and other the direct method, 


Analysis determinants high orders excessively complicated and hardly feasible practice, However, 
since possible make very large number such for given structure, quite probable 
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and put forward others which ate programmed for computers, should noted that 
the above-mentioned criterion for the validity determinants coincide with the 


Exact Equations Connecting Structure 


feature the inequalities and the more gencral relationships given the 


the fact thar the structure consists atoms 
pects with the exception the furm the peaks: the 
“squared” atomic functions have more concentrated 
tron (Fig, 2), This difference casily elimin- 
the corresponding factors are taken ac- 
count: for and for 


order find the Fourler for the 
square the structure, must perform operation 


and are the same sign, and 


widely used structure analysis, namely convolution, 
which consists finding the sum (or integral) the prod- 
uct the two relatively shifted original functions, 


Fig. Hypothetical structure like 


H-K this case the combination structure factors, The 


shift which ate Interested performed reciprocal 
space, certain vector 


where the the series for the origin- 


function ate the tight, and the cocffi- 
clent its square the However, since 


z 
can continue the above Eq, (3a), obtain- 
atoms, and its square, used Sayre 


his equation, ing 


This the Sayre which provided the impetus extensive statistical 
sign relationships: the equations, and many others, The Sayre equation valid for structures 
atoms the same kind whatever the symmetry; also valid for projections the atoms them are not super- 
posed, 

Vainshtein [12] drew attention the fact that projection the crystal structure can obtain- 
ed, not only the usual method from the zero-plane reflections the reciprocal lattice, but also from the 
reflections nonzero layer lines, where const, Reflections the second type lead the so-called 
generalized projections cos and L(xy), the which may elther positive negative, How- 
ever, combining the sine and cosine weighted projections can always obtain the positive modulus projection 
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now (which can done very simply) the difference between the atomic the zero and the 
(6) 


‘ 

% seyate 18 1 


follows that convolution structure amplitudes for plane network lattice for any 
vector, c., its value the same for any (7) for structures any (including noncentro- 
and remains accurate presence atoms any kind (not necessarily all the atoms are super- 

posed the projection, Eq. (7) transformed into which may 
not only for planes but also for lines the re- 
ciprocal lattice, note that, since the squares the 
functions are compared, the usual condition that not negative not 
applicd, and Ed. (7) also for neutron diffraction analysis when the 
atomic functions may 


However, this high degree generality attained high cost 
both sides Eq. (7) contain convolutions, whereas one side the Sayre 
equation (3) simply contains the value Therefore, the nonnegativity 
between structure amplitudes, but very valuable possibility 
with first powers, 


Returning Eq. (7), may note that conversion 
ity when atoms makes possible interpret certain cases the 
the relationship when nonzero lines 
Fig. Consequence the simplest are used, 

inequality (limited 
continuous and the simplest 
structure product (limited from below 
the broken line), 


The Sayre equation and the relationships are not used 
practice the present time because they very number 
amplitudes contrast, for example, statistical 
equations involving two four structure amplitudes, these exact 
equations,which are theoretical significance, may find practical applica- 
the 
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the Structure Product 
the basis the Sayre equation, (14) and showed that the sign 
antly with the sign the product 


show that the sign the structure product the coordinate origin then possible 
the law law which states that the structure Con- 


What the basis for this law? and Hauptman ond showed that the 


These authors derived formulas for the 
sign the structure amplitude should positive, However, 

acter the structure products very and 

only for the region low structure products, which less 
property the structure product strong structure factors: 


. 


Thus, all structure products are positive, 
found that this property, the law the predominantly 
positive character, can also derived from the determinant 
the connection between structure Although the ap- 
range Eq. (10) somewhat nattowet than that 
the corresponding simples (Fig. 4), 
the equation extremely simple use, 


equation (shaded), 


The simplest interpretation the positive 
character the product was given Golovastikov 
planes the cell (Fig. 5), then the planes the (or 
family pass through the points the planes 
the two known that the straight this 
figure may tegatded the “vertices” the harm- 
onics the clectron density, corresponding the 
amplitudes, now place one atom 
independent region noncentrosymunetric cell two 

atoms pet cell), and move all over this Simple calculation shows that the expression 


product, 


valid over 75% the atea the figure for any values (the validity regions are shaded), The 
Consequently, this example vividly demonstrates the rule thac the structure product greater than 
must rellably positive, easy show the same geometrical considerations that Increase the number 
atoms lowers the probability that the equation valid, the modull raises 
interpretation makes possible find certain strong statistical equations, such This ap- 
proach was subsequently developed 


The character the distribution function the structure product shown Fig, must emphasized 
that only the central portion this curve the law the predominantly positive character the structure 
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Fig. Electron density projection epidote, 
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product the the uniform the arguments the trigonometric functions the 
ture The the curve, which the main application the law 
positive way associated with the distribution the coordinates, but the 
sequence the fundamental equation for the between the structure amplitudes, the law 
the predominantly positive character for the simplest well for complex structures, 


basic group) ate known, These signs can determined, for from structure 


rae, 
4 


this often extends the the method, For example, this method was used for the structure 
direct incthods the Soviet Union. With lower values 
success the use this the direct 
becomes chance and depends also the 
tion the investigator, However, the magnitude 
the structure, since the specific features particular 
may play the greater part determinations 
direct methods, The ptoblem solved 
the the signs the basic group 
the stages the Several workers met 
with failure this kind when apply 
ful attempts are also known, 


the investigation reported practical ap- 
plications methods the Union were started 
Crystallography the Academy the USSR, 
Complex inorganic were 


1953 Belov and Rumanova detetmined the 
clinic with symmetry, contains atoms 
ply the Patterson method did not give the desired results owing overlapping the light atoms the x0z pro- 
corresponding the shortest distance However, this also made apply the direct 
the effective number atoms the projection was 30, With 350 nonzero was possible, 
with the aid the signs reflections with the greatest Individual 
tudes, this basis, with the the statistical was possible ex- 
tend the basic group 125 and then determine the signs 168 more amplitudes, The groups three 
factors and were found the method proposed Vainshtein, involving superposition onto the 


Fig. Electron density projection caprolactam, 
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points and coincide, The signs found the amplitudes were used for plotting the 
density projection shown Fig. which reveals the arrangement all the atoms very clearly, com- 


This was followed determinations structurcs toughly the same complexity 

Kasper were used for determining the signs 
the were then found statistically; 
determining relationships for cach sign quite 
often exceeded 20. The diagram was then plotted 
and model the structure was derived from the 
and not was formerly 
that, although the structures contain several dozen atoms 
each. superposition the atoms the projections, the 

atoms different kinds, and also some instances, lead values the order 
0,23 this ensured success the method, 


characteristic feature the Interpretation these with the was the absence 
any elements with the exception centers, Therefore, the results sign the 
method could expressed three letters and the sign, whereas sign could not 
The letter symbols used denote the signs according the evenness (or the ate: 


(ot oddness) 


5 ab 
abr 


accordance with the known for arbitrarily signs 26, any sign (for example, plus) could 
ascribed two the this predetermined the choice the coordinate origin one the four centers 
symmetry the projection, The sign the third lettet had was expected, was negative 
all the cases studied (otherwise all the signs would positive), 


the laboratory the Ya, Karpov Physicochemical Institute Moscow, Zhdanov, Zvonkova, and 
co-workers are using direct methods for analysis organic structures, The following for sign determination 
was established empirically: the statistical relationship holds least one the absolute structure 
amplitudes exceeds 0,25, the two structure products and only one taken, with 


(12) 

The structures were from two projections, First two arbitrary signs and three letter symbols for the signs 

were taken, This gave 75% and over correctly determined signs, This procedure was used for investigating 


and others [29, 30]. 
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The unit cell contains cight and the fourfold position the space group 
occupled two atoms, Correct results were obtained for 82% the signs the structure the 
type. The electron-density projection based the the direct method given All the atoms 


structure are clearly 


Pigure shows the caprolactam; the signs the amplitudes for tts calcu- 
lation were determined the method. The unit cell contains molecules having the configuration 
nonplanar rings and the amide group. The projection immediatcly revealed two capro- 
lactam molecules joined twofold screw axis, signs the there are four 
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the complexity the steucture the dye the ca- 
tion which contains atoms (not counting the hydrogen atoms), was simultancously and independentiy 


Fig. 11. Schematic representation sign determina- 
tion the comparison method. The be- 
ing compared are 80,20 and 808; the determining 
along the horizontal broken 
ing the same geometrical pattern the reciprocal 
lattice those being compared; withhe 


the direct method and with the ald the 


vector function, The projection 
the direct method given Fig. 10. Two ca- 
tions through the center symmetry, and two 
can The direct method made 
possible determine the coordinates three 


atoms and Cl) and light atoms, 


data the structures investigated 
Zhdanov and Zvonkova and co-workers ate contained 
Table This table shows that relatively complicated 
can solved the statistical method, Al- 
though some the signs are wrongly determined, the 


synthesis all the atoms, The errors 
the form the peaks and displacements the 


latter from the positions not exceed 0,1 


Relationships between Structure 
Amplitudes Due Structure Symmetry 

The potentiatitics the statistical method are ex- 
tended take imo account the structure 
symmetry which establishes the between the 
phases the structure amplitudes, This the basis 
the developed Rumanova 1954 
Later analogous but somewhat more cumber- 


some procedure was described Geant, Howells, and Rogers (33), 


The idea taking account very simple and clear, the usual method for using the 
statistical equation, groups three amplitudes and are compared, and assumed that 
structure product probably symmetry taken into account, each sign two structure amplitudes 


amplitudes; 


(13) 


Here the signs the determining for and are connected symmetry conditions, that the 
ship (identity between the signs and also established, simple technique 
(Fig. 11) makes such determining from all the numerous The greater the values 


the structure the highet the probability that these statistical 


ships hold; therefore, with highest mould chosen for and the values, 
For example, proved possible find seven such determining palrs for the structure for the 808 and 80,20 
reflections (Fig, 11). The first these showed that the signs these are different: 


the seven pairs, five gave the same result, while the opposite result was obtained the other two cases; 
therefore, the signs the 808 and 80,20 reflections were taken with 


the comparison method the values the individual structure amplitudes may considcrably less than the 
values needed for the incquality method because, although the probability individual comparison may 
greater, the total error must greatly diminished statistical grounds, 


The relationships found between the individual signs the basic group ate then used for obtaining 
signs, Figure shows some these chains for the structure, Connecting the chains means 
the relationship, and taking the signs fixing the origin find 
the basic group which then used for the signs the reflections the same 


method, 
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mary data these structure determinations given Table where the main information interpretation 
structures given addition the chemical formulas and cell constants, Thus, the case the complex 
silicate with atoms the cell, the signs the and structure amplitudes were detetmined. 

was possible plot the usual and gencralized projections, which gave the picture the structure, 


12. Chains signs for the zone the structure, 


determination the structure cuspidine was necessary determine the signs about 1500 out 
2500 reflections the general type order find the signs three projections, This bulk data was neces- 
structural the majority reflections with odd indices were weak, Figure shows 
the projection cuspidine; the peaks are pronounced ‘and are virtually absent, 


provided the low valucs the divergence factors (for example, for addition the usual 


clear from Table that with symmetry taken into account possible progress toward 
more complex structures, and this variant docs not require reduction absolute scale, should noted that 
this method especially effective the atoms forming the structure differ atomic number, the symmetry 
the structure not high monoclinic), and absence atoms positions without parameters, 


Phases from Intensity Data 
the first publications dealing with the theory direct methods much attention was devoted calculations 
the function the the that the sign the structure product positive 
was calculated with its ald, work was done this Karle and Hauptman 36, 37), Bertaut (38, 
10, Cochran and Woolfson Vand and Pepinsky Klug and 
others, who used mathematical approaches, 
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13. Electron density projection cuspidine, 


being able calculate the probability that the sign the product will positive 
does not take further forward the practical sense, easy calculate from the formulas now that 
there ultimate probability negative value for very strong structure products the 
taking the strongest possible structure products the first stage the making even 
the probability ſotmulas give reassucing value the order 99%, 


The direct procedure, examples which were given above, does not general knowledge 
the basis considerations, 
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What kind formulas would solve the problem direct The problem would solved could 


equations whercby possible express any structure amplitude structure product terms 
the measured Calculation structure products leading correct signs, even not accurate 
values, would solution the problem structure analysis noncentrosymmetric crystals, 


have with the example the derivation the Sayre that the for direct 
general character, was pointed out Cochran and Woolfson (42). 


not consider here methods for determining structures from the Patterson P(r) ine teadet 


ferred using the functions for determining the structure from the picture 
vectors (for example, the “total,” can find expressions for determining-the signs without 


these functions such, This was first out McLachlan and Harker and was 
Simonov and Suppose that having found the picture the the 
the peak joining atoms, perform the shift and find the product function 


378 amplitudes the signs were wrongly determined, e., the signs were found correctly, 


must again pointed out that the function fact gives the the and not the 


the sign (phase) the structure amplitude the the and not the structuce 


Vaughan obtained more generat type, which not preliminary determination 


coordinates one atom, considered the Patterson function 


LB EY 2 (18) 


which the normalized structure Subtraction certain from both parts the 
formulas and introduction and with removal zero peaks the functions and 


and who used different approach, obta ined more general formulas the same type, 
which give not only the value the structure product but also other relationships for special combinations struc- 
ture amplitudes and the These authors consider the joint probability certain normalized 
structure amplitudes, that the structure fixed and the vary continuously but not independently, 


Let method with the example the structure product, choose two and the 
and then form for each point the. three structure factors This gives 
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theory, and the required are thus found, 


formulas 


a’ 


“a - 92 


3,° 


— 


laed the square the determined through and and the normalized amplitude 


tabulated function, with the optimum 


Karle and Hauptman also give other formulas connecting structure amplitudes powers, 


should noted that the relationships give normalized the square 
the structure and not the structure itself, Thus, the signs the structure and the the structure 


Theoretical 


Experimental 


Years 
14. Numbers publications concerned with direct 
methods different years (Journals: Acta crystallo- 
Kristallograflya, Trudy Instituta Kristallo- 
grafit, and Zeitschrift fur The total 
number publications through 1959 105 theoretical 
and papers, 


Equations (20) and (21) were tested ans the Crystallography the 


hand side the equation sce the products the struc- 
ture amplitudes the same reflection from the squared 
structure the powet structure Evidently 
like atoins, Equation (21) shows that the averaged 
triple product calculated many times there 
are nonzero 


Calculations with these formulas are extremely 
cumbersome and they can used only 
computer, 


The formulas which are discussing ate also valid 
for noncentrosymmictric crystals, principle they can 
used for phase determination, However, the formulas 
must first tested out for centrosymmetric 
Crystals, 


the USSR for number reflections the above-mentioned astrakhanite structure, which known 
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and which contains atoms the cell, The value The tests Ed. (20) and the 
fundamental Eq. (21) for certain structure and signs found from them are 


(20) (21) structure dat data 


the second example, when the structure product negative, correctly determined, Karle tepotted 
the successful application Eq. (21) the structure Thus, 


these formulas give correct results for fairly complex and for not very strong structure products, 
that more complete verification needed for final assessinent applicability, should noted that 


such eminent the fleld methods Bertaut pointed out during discussions Cambridge that 
residual term these formulas may very great significance, distorting the any event, the new 


Crystallographers all over the world have worked the theory and direct and the present 
authors were unable the valuable contributions made many them this fascinating One gener- 
feature our attention: the number theoretical papers has persistently exceeded the number 
mental determinations (Fig, 14). expected that there will break the near future, and the 


consider that direct methods analysis should more attention than they have done far, must 
emphasize once again that for not very complex structures with 25-30 like atoms the cell the use direct meth- 
ods the simplest form has good chance success, such cases there number rellable connections 
between the structure amplitudes, The signs the remaining amplitudes are statistically 


The latest successes the direct methods great hopes, expected that they 
will become applicable structures with 100-200 like atoms the cell. Models are not needed for work direct 
methods; such work and can entirely entrusted computer, soon this has been done, the quest- 
structure analysis will The measured could fed directly the 
which would apply the necessary corrections, calculate the absolute normalized structure determine 
the signs the amplitudes, compute the electron density series, and produce the final 


may that many will then look back with regret the past, involving fascinating work struc- 
ture However, development direct methods structure analysis promises give time for work 
sate physics, 
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PROBLEMS STRUCTURAL CHEMISTRY THE RIGA CONFERENCE 


* * se * * 


the Academy the Latvian SSR, and the Latvian Republican Division the 
Chemical Soctety was held Riga from May The conference aroused great interest among chem- 


shown the fact that more than 800 people took part. There were two sessions and 


each consisting which more than 200 papers were 


form the main the reported the conference, therefore confine ourselves very 


entitled, "Applicability boundaries the electronegativity concept,” presented the final plenary 
session, which aroused great The author showed, means factual data, that the rapid develop- 
ment physical methods investigation, giving increasingly deeper insight into the molecular 
ture, leads the fundamental concepts the theory the chemical bond. particular, the con- 
cept which has been for over and which used chemists represent 
the ability atom molecule clectrons, proving This concept should reflect 


the asymmetry the cloud atom molecule, which arises the formation bond, 


During recent years new factors have been discovered assessment chemical bond types: electron hybridization 
the atom, the role vacant orbitals and unshared formation chemical bonds, dative bonds 
and bonds the type participation free d-orbitals bond formation, and formation 
orbitals, The concept does not take account the influence these factors, 
ing the time since the the clectronegativity concept, new methods quantum-mechanical 
have developed whereby effective bond charges can estimated, Physical methods such 
resonance and spectroscopy have been developed; these make possible molecular structure 
much The concept too new facts and effects discovered means 
the physical rescarch methods, The speaker means factual examples that the 
experimental and theoretical material which has accumulated modern demands the replace- 
ment the obsolete electronegativity concept new concepts which correspond the modern develop- 
ment the theory the bond, 


Several concerned the structure molecules were presented 
the 


The paper Dyatkina and dealt with the topical problem the electronic structure 
aromatic metal complexcs, Data obtained calculation molecular orbitals with for the com- 
for number properties these compounds; particular, properties and electron para- 
magnetic resonance spectra, and the effective charges the central atoms complexes were calculated, The data 


used for explaining the lonle character the complexes, the aromatic character the rings, 


the relative complexes, and certain other properties, The results obtained were used explain the 
and properties carbonyls the transition metals and thelr complexes with con- 
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the metal atom, 


The paper Shugam and entitled "Structure complexes and the 
interaction with transition reported the determination the crystalline and molecular 
structures copper, chromium, cobalt, and the x-tay diffraction method. was 
shown that the copper acetylacetonate molecule planar, whereas the molecules trivalent-metal acctonates have 
octahedral structure (with three acetylacctone groups mutually perpendicular plancs), From the 
distances these compounds was found that the bonds formed the metal atom with the ligand are 
equivalent, and that all the acetylacetone rings have the nature 


structure analysis, The space group The unit dimensions are 11.23 The 
unlt cell contains two molecules, The atomic coordinates were determined from projections, The boron atom 
surrounded four carbon forming regular The rubidium atom surrounded four pheny! 


and Yu, Lukina used large examples for studying the hydrogenation, pres- 
three-membered rings, was shown that the degree conjugation the steric factor; this good 
agreement with views the structere the three-membered ting. 


nonbenzenold aromatic 


philic substituent the ortho and para the ring leads Increase conjugation be- 
this ring and the benzene ring, methyl group the meta position has virtually effect this conjugation, 
presence two methyl groups the ortho position the cyclopropyl group the conjugation effect completely 
removed steric factors, The authors’ analysis interatomic distances shows that the molecular conformation 
favoring conjugation forbidden this case owing steric hindrance, This conjugation effect the 


The paper Gonikberg and was concerned with the very Interesting problem 
hindrance chemical reactions, They estimated the difficulty elementary chemical step from the ex- 
tent the volume decrease the formation activated complex, Such estimation makes possible separate 
experimentally the influence spatial and factors reaction rates, The volume decrease the formation 
activated complex may determined experimentally studics the Influence pressure the reaction-rate 
constant, The steric hindrance characteristics for certain reactions, determined method, were 


The communications mentioned above are means all the papers concerned one another with 
problems molecular structure, particular, there was whole papers the use many new physical 
methods for investigating fine structural details chemical compounds (papers the use nuclear magnetic res- 
onance, dipole moments, studies the between structure and photoconduction certain substances,etc,), 


The conference was very and and was conducted high level, The conference 
was the start the the summaries the papers had been published,and some the 


papers were full (work the Riga chemists Academician school the field 
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This contains practical and comprehensive survey the 

techniques employed and the instruments required for this important 

rapid analysis method, well brief account the theoretical prin- 

involved. Experimental procedures and the design apparatus 

are length, making the relevant chapters valuable manual 

chemists concerned with analytical 
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variety materials, providing much factual information, 
together with complete and international bibliography. There are 
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working the varied ficlds which flame photometry 
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